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THE  YOUNG  GRADUATE  AND  THE  PROFESSION  OF 

MINING  ENGINEERING- 

H.  E.  T.  HAULTAIN,  C.E.,  Mem.  Inst.  Min.  Met.** 

ilotli  ill  my  own  experience  and  in  my  observation  of  3'oung' 
ijraduales  from  eiii^'ineerinj^'  schools  in  all  parts  of  the  world.  I 
have  found  a  general  ignorance  of  the  i)rofession  as  a  whole, 
generally  coupled  with  a  very  much  distorted  view  of  the  young 
graduate's  position  in,  and  relation  to.  his  profession.  This  is 
probably  ti)  a  \ery  large  extent  imavoidable,  but  it  has  always 
seemed  to  me  a  very  important  point,  and  I  should  strongly  like 
to  see  a  series  of  lectures  on  the  suliject  embodied  in  the  general 
curriculum  of  the  school.  Doubtless  very  much  of  such  knowledge 
must  ])e  ])ersonally  and  painfully  learned  by  exi^erience.  but  a 
\ery  \aluable  skeleton  of  information  could  be  built  up  in  the 
lecture  room.  In  the  short  time  at  my  disposal.  1  will  attempt 
an  outline  oi  the  profession  of  mining  engineering  as  1  in  my 
limited  experience  have  found  it.  and  attempt  to  deal  with  some 
of  the  more  prominent  difificulties  that  will  be  encountered  in  the 
early  days  of  the  Young  Engineer's  career. 

Kipling  says : 

"  When  the  waters  were  dried  an"  the  earth  did  appear, 
The  Lord,  He  created  the  Engineer.  " 

And.  from  the  first,  the  mining  engineer  must  ha\e  been  a  man  of 
])riiiH'  importance  in  his  class.  .\s  time  went  on.  and  all  structues 
depended  more  and  mure,  either  in  their  fashioning  or  in  their 
material,  upon  the  supply  of  metals,  so  would  the  importance  of 
the  miner  become  greater.  In  I'rance  and  (iermany  this  is  recog- 
nized, and  mining  engineering  ranks  ahead  of  all  other  branches 
of  engineering,  but  in  our  I\nglish-si)eaking  communities  it  is  not 
officially  accorded  the  same  recognition,  and  possiblv  the  miner  is 
often  considered  rough  and  unfinished  in  his  methods,  a  pioneer 

*An  .iddress  <lelivered  before  the  KiiKineerinK  Society  in  lyoj.  Tlii.s  will  l>c  followed  by  an 
article,  "The  Mining  Engineer  and  his  Relation  to  the  Pu»)lic.  '  with  particular  refer- 
ence  to  Ontario. 

**See  Biography  in  Section  -'.  page  3. 
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occupied  in  coping  with  nature  in  the  rough  and  lagging  far 
behind  the  poHsh  and  finish  of  the  scientific  engineering  of  the 
cities.  It  is  true  he  is  a  pioneer  and  that  he  deals  with  the  forces 
of  nature  in  her  crudest  and  roughest  forms,  but  he  does  it  with 
a  wider  range  of  scientific  knowledge  than  that  possessed  by  any 
of  his  engineering  brothers.  He  needs  and  he  makes  use  of  the 
specialized  knowledge  of  all  other  branches  of  engineering  in 
addition  to  such  that  is  peculiarly  his  own. 

The  profession  of  mining  engineering  embodies  very  much 
more  than  any  one  man's  mind  could  possibly  encompass,  and 
there  is  a  limitless  number  of  subdivisions  or  combinations  of 
subdivisions  for  the  specialist  in  which  to  bury  himself. 

In  general,  mining  engineers  are  divided  into  two  main 
classes,  viz.,  Mining  Engineers  and  Metallurgical  Engineers. 
Under  this  classification  in  its  closest  sense,  the  mining  engineer 
has  to  do  with  the  getting  of  ore  to  the  point  where  it  lies  in  a 
broken  state  at  the  surface,  and  the  metallurgical  engineer  carries 
on  the  work  from  this  point  until  the  metals  are  finallv  extracted 
from  the  ore.  But  as  a  general  rule  the  metallurgical  engineer's 
work  is  confined  to  smelting  operations,  while  the  processes  of 
mechanical  concentration  of  ores,  and  even  the  leaching  and  lixi- 
viation  processes  are  in  the  hands  of  the  mining  engineer  in  charge 
of  the  other  mining  work.  The  reason  of  this  is  to  be  found  in 
the  fact  that  as  a  rule  iho  mechanical  concentration  and  lixivia- 
lion  of  ores  is  carried  on  at  the  mines  under  the  one  management : 
while  smelting  is  generally  done  at  some  central  point  at  a 
distance  from  the  mining  operations.  The  department  of  smelting 
I  must  leave  out  of  consideration,  and  trust  sonic  other  graduate 
will  take  up  this  very  important  brandh. 

Of  mining  engineers  proper,  there  is  a  rough  classification 
thai  will  divide  them  into  two  classes:  the  engineers  connected 
with  the  large  permanent  mining  centres,  usually  coal  and  iron  : 
and  those  connected  with  the  general  mining  industry  scattered 
all  over  the  world.  It  is  with  the  work  of  the  latter  class  that  my 
experience  has  been  and  it  is  with  them  that  I  will  deal.  This  class 
of  mining  engineers  is  again  subdivided  into  two  main  classes — 
the  consulting  engineer  and  the  managing  engineer,  and  the 
thoroughly  competent  consulting  engineer  will  have  passed 
through  the  stage  of  managing  engineer.  The  work  of  the  con- 
sulting engineer  can  be  divided  into  two  main  divisions — report- 
ing on  the  value  of  ]iroperties  and  reporting  on  the  management 
of  pro])erties.  The  term  managing  engineer  would  embody  in  its 
general  sense  all  the  engineers  resident  about  a  mine,  and  would 
include  assavers.  chemists,  surveyors,  mechanical  engineers, 
electricians  and  those  engineers  skilled  in  concentration  and  lixi- 
viation  jirocesses. 

The  prominent  consulting  engineer  would  ha\e  his  liead- 
(|uarters  at  some  commercial  centre — London  being  the  par- 
ticular home  of  this  class — and    he    might    nv   might    not   have 
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assistants  or  partners  in  parts  of  the  world  nearer  to  the  mining 
centres.  A  large  part  of  his  work — perhaps  his  sole  work — would 
be  the  examining  of  and  reporting  on,  the  value  of  mining  proper-  . 
ties  in  various  parts  of  the  world.  This  is  of  course  most  impor- 
tant work  and  is  correspondingly  paid  for.  In  this  work 
experience  and  judgment,  built  upon  a  foundation  of  wide  scien- 
tific knowledge,  coupled  with  a  well  balanced  commercial  sense 
and  the  necessarily  ever  present  disinterested  integrity,  are  the 
main  requirements.  It  is  a  position  of  the  utmost  commercial 
responsibility,  a  single  report  often  controlling  the  investment  of 
millions.  The  keynote  of  success  is  of  course  Reputation,  and 
before  a  man  could  expect  to  succeed  at  this  work,  he  must  have 
built  up  a  reputation,  and  have  made  friends.  The  fees  for  this 
kind  of  work  are  high.  Among  prominent  London  engineers 
the  fee  for  a  report  of  anv  consequence  would  not  often  be  under 
$5,000. 

Consulting  engineers  located  in  either  commercial  or  mining 
centres  also  undertake  the  reporting  on  the  management  of  mines. 
They  may  visit  the  mine  at  intervals,  or  they  may  simply 
base  their  reports  and  advice  on  the  information,  accounts,  etc.. 
supplied  to  the  company  by  the  mine  manager:  and  their  advice 
might  extend  to  the  supplying  of  detailed  plans  for  develo])ment 
or  for  machinery.  Consulting  engineers  in  this  capacity  are 
frequently  engaged  by  London  companies  owning  mines  abroad. 

The  position  of  consulting  engineer,  with  a  reputation,  able 
jiractically  to  choose  'his  own  work,  travelling  in  many  parts  of 
the  world,  returning  always  to  his  headquarters,  and  receiving 
most  substantial  fees,  is  a  most  enviable  one.  and  is  one  looked 
forward  to  as  a  natural  C()nsc<|ucnce  of  years  of  successful  work  in 
the  field. 

But  it  is  to  the  position  of  managing  engineer,  and  the  steps 
subordinate  to  that  position  that  1  would  more  particularly  draw 
your  attention.  Perhai)s  I  could  not  do  better  than  outline  the 
duties  and  responsibilities  in  an  actual  case. 

Take  the  case  of  the  manager  of  an  English  Company 
owning  mining  territory  in  Africa.  They  have  one  mine  par- 
iially  developed  and  several  prospects  giving  more  or  less 
promise  of  good  values.  This  Company  is  managed  in  London 
by  a  board  of  directors — non-technical  men — with  a  chairman  at 
their  head.  This  lioard  will  meet  once  a  month,  or  once  a  fort- 
night, and  will  outline  the  general  policy  of  the  Company.  The 
details  as  far  as  the  London  end  is  concerned  are  in  the  hands 
of  the  chairman,  wdio  relegates  them  largely  to  the  secretary, 
who  corresponds,  with  the  manager  in  Africa.  The  manager 
will  have  a  wholesale  power  of  attorney  to  do  anything  and 
everything  in  Africa,  and  will  be  answerable  for  all  his  actions 
directly  to  the  Board.  He  will  have  an  agreement  or  engagement 
as  manager,  terminable  as  a  rule  by  six  months  notice  on  cither 
side.     He  must  of  necessitv  have  had  the  full  confidence  of  the 
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Board  before  he  was  apppointed,  and  must  retain  this  to  the  full 
or  his  position  will  become  untenable.  The  Board  will  be  com- 
pletely at  the  mercy  of  the  manager — their  only  information  being 
what  he  chooses  to  give  them  in  his  letters  and  reports,  together 
with  that  o'btained  through  an  annual  visit  of  a  director  or  a  con- 
sulting engineer.  The  manager  in  turn  will  be  very  much  at  the 
mercy  of  the  misunderstandings  and  disappointments  of  the 
iJoard.  and  nothing  but  full  confidence  can  keep  things  running. 
The  keeping  of  the  Board  well  and  judiciously  supplied  with 
information  is  perhaps  one  of  the  most  important  functions  of 
the  manager. 

Coming  nearer  to  his  work,  we  tind  him  in  charge  of  an 
isolated  communit}-  twenty  miles  or  more  from  a  settlement — 
100  miles  from  a  railway — with  slow-going  ox-wagons  as  the 
onl}-   means  of  freight  transport. 

I-"irst  and  foremost  he  must  examine  his  ore  deposits  and 
then  with  all  the  knowledge  that  he  possesses  of  geology  and 
minerology.  he  must  form  some  opinion  of  their  probable  value 
and  outline  a  method  of  development.  With  his  already  par- 
tially developed  ore  deposit,  all  his  past  experience  of  the  costs  of 
mining  and  ore  treatment,  together  with  all  the  information 
he  can  obtain  in  a  raw  country  concerning  labor.  ])ower.  fuel, 
Iransjxjrtation  and  markets,  will  leave  him  in  no  high  degree  of 
certainty  as  to  jirobable  jjrofits.  He  'has  to  study  the  resources 
of  the  country,  and  to  design  his  plant  accordingly.  He  is  alone, 
single-handed,  and  up  against  the  real  thing.  And  he  has  to  orga- 
nize in  a  bare  wilderness  a  large  and  complex  business.  \\  hile 
keeping  his  mind  keenly  on  the  deep  scientific  problems  of  the 
various  and  \ar\ing  (ire  (lc])i)sits.  mi  ihe  pr()l)lems  of  haidage. 
timbering  and  ore  treatment,  he  has  to  arrange  for  the  establish- 
ing of  his  camp,  the  housing  of  his  men  and  animals,  the  piu'chase 
of  innumerable  sup])lies  and  trans])ortation  over  difficult  country, 
lie  has  to  procure,  and  very  often  to  a  large  extent  must  be  pre- 
pared to  train,  a  most  x-aried  gang  of  workmen,  skilled  and  un- 
skilled, in  all  branches  of  labour.  I  le  has  to  control  a  most  mixed 
lot  of  the  roughest  class  of  men.  both  white  and  black  :  at  all  times 
he  must  preserve  his  personal  influence  and  tcMie.  lie  is  the 
single-handed  autocrat  of  an  isolated  community,  with  nothing 
to  maintain  his  authorit\'  but  his  own  i)ersoiialit w  lie  is  s])en(l- 
ing  large  sums  of  mone\',  and  spending  it  in  innuinera]>]e  ways 
that  are  difficult  to  trace  and  check.  (  )n  all  sides  are  men  trying 
to  gel  the  best  ol  him  in  e\er\-  pro|)osition.  and  he  must  liaxe  tlie 
business  side — the  commercial  side — of  his  work  organized  to  a 
degree  unthought  of  in  man\-  establishments  nearer  the  centres 
of  cix'ilization. 

While  organizing  and  personally  controlling  these  varied 
Complexities,  he  must  e\  er  keep  a  clear  mind  for  the  constant, 
careful  and  well  balanced  stud\'  ot  the  intricate  scientific  problems 
of  his  wi  >rk. 
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Let  us  consider  some  of  these  engineering  problems. 

In  the  first  place  liis  ore  bodies  (Hffer  in  many  respects  from 
any  he  lias  had  any  prexious  knowledge  of — no  two  ore  bodies  are 
the  same.  Xothing  but  experience — wide  and  varied  experience 
— founded  on  scientific  training,  is  going  to  save  him  in  the  solu- 
tion of  the  problems  involved  in  the  exploration  of  his  ore  bodies. 

He  has  one  ore  body  so  far  opened  u])  that  sufficient  values 
are  in  sight  to  justify  the  installation  of  machinery  on  a  large 
scale  for  the  breaking,  mining  and  treating  of  his  ore.  I'pon  all 
the  intricate  details  I  cannot  touch,  but  let  us  look  at  some  of  the 
main   problems  involved. 

The  first  problem  of  mining  his  ore  and  protecting  his  under- 
ground workings  is  one  depending  almost  entirely  upon  judgment 
and  foresight  based  on  experience,  and  is  one  that  no  amount  of 
training  or  reading  can  solve  for  him.  In  any  case  he  must  work 
tentatively— must  feel  his  wa}-.  I'hat  ])robably  is  the  keynote  of 
all  underground  w(jrk — certainly  of  all  the  early  stages.  It  is 
impossible  to  see  far  ahead,  and  one  must  feel  his  way  foot  by  foot 
— planning  tomorrow's  work  by  today's  results. 

But  the  planning  of  the  ultimate  develo])ment  which  must 
soon  be  taken  in  hand  is  a  large  problem  involving  work  spread 
over  many  years,  and  the  general  skeleton  of  the  plan  must  be 
laid  out  auf'  un>1erta'ki'r,  at  once.  Upon  the  position  of  the  main 
working  shaft  or  tunnel  the  position  of  his  surface  works  will  to 
a  large  extent  depend.  Into  this  problem  must  enter  the  prob- 
lems of  pumping,  \entilation  and  haulage,  and  much  calculation 
and  well  balanced  judgment  are  required  for  a  satisfactory  solu- 
tion. The  problem  involves  not  only  a  very  large  sum  in  itself. 
but  will  always  very  seriously  affect  the  working  costs. 

Inseparable  from  this  problem  is  the  cjuestion  of  power.  The 
case  I  have  in  view  has  ])ractically  unlimited  water  power  five 
miles  away,  so  that  the  cptestion  of  power  does  not  affect  the 
hoisting  question  ;  and  it  is  found  that  for  the  first  few  years  the 
most  satisfactory  course  is  the  running  of  a  low  level  tunne' 
wdiicli  will  give  several  years  ore  supplies  alxne  it.  and  which 
will  always  be  the  main  w^orking  tunnel. 

The  next  problem  is  the  treatment  of  the  ore.  and  though  the 
manager  ought  to  be  capable  of  dealiiig  with  this  problem  himself. 
he  ma\-  call  in  the  assistance  of  a  consulting  specialist. 

.\nd  here  comes  in  a  very  nice  pcMnt : 

It  is  of  course  out  of  the  question  that  our  mine  manager 
should  know  everything,  or  that  he  should  know  as  much  .of 
detail  as  a  specialist  in  rny  branch,  and  very  naturally  the 
average  business  man  will  say:  Here  is  an  isolated  pr(->blem.  let 
it  be  solved  by  the  specialist. 

In  the  large  mining  centres  are  to  be  found  consulting  engi- 
neers, who  are  disinterested  specialists  in  milling  and  lixiviation 
l^rocesses.  and  who  make  a  business  of  such  problems.  They  often 
iirc  called  upon  to  supidy  complete  plans. 
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In  the  first  place,  there  is  one  statement  that  will  hold  under 
all  circumstances: — There  is  no  isolated  problem  connected  with 
any  mine.  The  mine  and  everything  connected  with  it  is  one 
vast  complex  machine,  with  all  its  parts  and  details  interdepen- 
dent, and  smooth  running — successful  running — depends  on  the 
balance  between  all  its  parts,  and  upon  their  perfect  interworking. 
This  can  only  be  achieved  in  one  mind.  There  can  only  be  one 
controlling  hand,  and  though  it  is  not  necessary  for  the  manager 
to  design  all  the  details,  he  must  fully  grasp  the  essentials  of 
every  department.     He  must  be  responsible  for  everything. 

If  outside  consulting  advice  is  called  in,  it  must  be  in  con- 
sultation with  the  manager,  and  if  the  manager  is  incapable  of 
dealing  with  the  subject,  a  most  dangerous  element  of  failure  is 
at  once  introduced.  This  is  a  most  essential  element  of  mine 
management,  and  1  will  refer  to  it  later  on. 

If  a  thorough  professional  consulting  engineer  with  a  reputa- 
tion is  called  in  to  settle  the  problem  of  ore  treatment,  he  may  be 
prepared  to  deal  with  it  in  its  entirety,  in  which  case  he  would  go 
carefully  into  all  the  conditions  surrounding  the  problem  from 
the  ore  deposit  to  the  market,  and  would  do  this  in  close  con- 
sultation with  the  manager,  whom  also  he  would  carefully  con- 
sider as  an  important  condition.  Then  after  designing  the  plant 
he  would  to  a  certain  extent  supervise  construction,  and  on  its 
C(.)mpletion  would  personally  attend  to  the  early  stages  of  its 
operation.  I'\:)r  an  ore  treatment  plant  is  not  like  a  small  steam 
engine  which  will  run  when  supplied  with  steam.  Even  after 
most  careful  and  capable  designing,  there  will  have  to  be  much 
adjusting  of  its  method  of  operations  before  the  best  results  are 
obtainable,  and  this  adjusting  must  be  done  by  a  capable  and 
responsible  head. 

If  the  specialist's  connection  ceases  on  the  delivery  of  the 
plans,  the  manager's  responsibilit}-  will  only  then  commence,  and 
if  there  be  any  failure  in  results  the  manager  will  blame  the 
design  and  the  designer  will  blame  the  method  of  operation,  and 
the  company  wdll  be  in  the  position  of  the  man  trying  to  sit  on 
two  chairs.  This  is  one  of  the  commonest  causes  of  failure  and 
trouble  in  mining,  and  c\ery  mining  man  can  point  to  many 
incidents  of  this  kind. 

In  the  case  I  ha\e  described  the  specialist's  fee  would  be 
enormous — probably  much  larger  than  the  manager's  annual 
salar}'. 

Most  fre(|uently  it  would  not  be  possible  to  obtain  the  ser- 
vices of  a  distinguished  specialist  and  recourse  is  often  had  to  the 
manufacturers  of  mining  machinery.  Thev  call  themselves 
specialists  in  such  matters  and  \ery  often  are  so.  and  lia\e  much 
ex])erience  and  data  at  their  conunand.  bui  we  then  ha\e  the 
anomalous  position  of  the  consulting  engineer  and  the  contractor 
being  one  and  the  same  person.      It  is  surin-ising  how  frecjuontlv 
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this  is  the  case,  and  it  is  not  surprising  that  this  is   most  fre- 
quently a  cause  of  disaster. 

The  manufacturer  can  never  l)e  a  disinterested  party.  Con- 
ditions do  not  permit  him  to  make  a  thorough  examination  of  al! 
the  conditions.  He  will  tell  you  what  machinery  to  put  in  ;  it  will 
be  'his  own,  and  there  will  be  as  much  as  possible  of  it ;  it  will  be 
good  machinery,  and  he  will  guarantee  the  smooth  running  of 
individual  machines,  but  he  will  not  guarantee  the  results.  And 
he  will  have  many  excuses  to  show  that  the  blame  of  failure  is 
not  attachable  to  him.  He  will  tell  you  that  the  ore  treated  in 
the  mill  differs  from  the  sample  sent  him  ;  that  the  construction 
was  poor  and  the  operation  is  v^'orse.  You  cannot  pin  down  the 
manufacturer  to  results — he  is  too  old  a  bird  at  the  game. 
What  then  is  the  manager  to  do? 

He  ought  to  be  capable  of  designing  his  own  i)lant.  If  he 
feels  doubt  about  it,  let  him  engage  a  man  who  has  knowledge 
of  such  matters,  engage  him  as  an  assistant — as  a  head  of  a 
department — and  let  this  man  experiment  on  a  laboratory  scale  in 
co-operation  with  the  manager. 

After  the  manager,  with  or  without  outside  aid,  has  decided 
that  his  ore  is  a  free  milling  ore  recjuiring  a  subsequent  treatment 
of  tailings  by  cyanide,  and  has  decided  on  the  general  main  idea 
of  his  plant,  he  can  safely  go  to  the  manufacturer  for  his  machin- 
ery, trusting  largelv  to  him  for  all  details— for  the  details  are  the 
work  oi  a  mechanical  engineer,  and  in  this  department  the  manu- 
facturer is  the  highest  specialist. 

The  first  plant  will  doubtless  be  a  small  one,  designed  with 
a  view^  to  further  increase,  and  also  with  a  view  of  permitting 
considerable  experimenting. 

What  I  have  said  in  regard  to  the  ore  treatment  plant  also 
holds  good  with  the  tramway  from  the  mine  to  the  mill,  and  with 
the  water  power  plant,  and  with  the  electric  transmission  plant, 
with  of  coarse  some  modifications. 

\erial  tramwavs  come  nearer  to  being  isolated  problems  than 
does  anv  other  pa'rt  of  the  plant,  and  they  are  very  freciuently 
o-iven  over  to  contractors,  who  guarantee  to  erect  the  traniwav 
and  run  it  for  a  short  time.  To  a  certain  extent  the  tramwav  can 
be  looked  upon  as  an  isolated  machine  of  the  nature  of  a  steam 
en^nne  But  again  to  make  the  contractor  and  the  consulting 
engineer  the  same  person,  even  in  .so  simple  a  matter  as  a 
tramwav,  tends  to  an  unnecessary  waste  of  money  and  on.^ists  ni 
paving  fo  a  contractor  very  much  more  than  what  is  already  paid 
to 'the  manaeer  or  his  staff  for  the  .'^ame  work. 

\n  the  case  of  electric  machinery— electricity  ..;;  perhaps 
somewhat  removed  from  the  mining  engineer,  but  is  daily  becom- 
ino-  ipss  so.  and  though  ihe  mining  engineer  would  certain.y 
never  attempt  to  design  his  dynamos,  he  certainly  ought  to  know 
enough   to   decide    whether   he    wanted   direct   current   or  alter- 
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nating  machiner}-,  and  to  be  able  rationally  to  check   over  the 
electrician's  figures  as  to  line  loss,  etc.,  etc. 

To  sum  up  this  question  of  machinery,  the  manager  sluniki 
be  thoroughly  conversant  with  all  the  standard  types  of 
machinery  of  all  the  prominent  manufacturers  that  might  pos- 
sibly be  of  use  in  mining  work,  and  this  includes  practical!  \- 
everything  except  heavy  ordnance  and  marine  engines.  Witlt 
the  detailed  design  of  this  machinery  he  need  not  unduly  burden 
himself  beyond  understanding  the  why  and  the  wherefore  of 
every  part.  The  manufacturer  can  be  depended  on  for  excellence 
of  detail.     Thereon  depends  his  existence. 

I'he  erection  of  his  plant  is  an  all-important  ])an  (jf  the 
manager's  work  or  of  a  most  trusted  assistant.  To  let  tliis  In- 
contracts  generally  ends  in  disaster  unless  most  competent  and 
keen  watch  is  kept  on  the  contractor.  Generalh-  speaking,  in  ah 
mining  construction,  it  is  more  satisfactory  and  more  economical 
to  watch  over  a  good  foreman  than  to  check  a  contractor.  The 
contractor,  like  the  Indian,  will  be  bad  if  he  can  be. 

The  operation  of  the  plant  will  be  the  work  of  the  heads  of 
departments,  always  under  the  personal  eye  of  the  manager. 

This  is  a  bare  skeleton  of  the  work  of  the  mine.  It  is  filled 
in  with  an  interesting  network  of  details  of  every  kind,  from 
the  niceties  of  subtle  chemical  investigation  to  the  handling  of  a 
drunken  mob.  and  through  it  all  must  run  side  by  side  the  deepest 
scientific  thought  and  the' most  cold-blooded  business  methods, 
tempered  always  by  the  truest  disinterested  professional  tone. 

The  manager  w  ill  ha\e  to  assist  him  at  his  work,  besides  his 
own  personal  assistant,  several  heads  of  departments — a  com- 
mercial superintendent  in  charge  of  the  buying  and  of  the  books 
and  the  commercial  side  of  the  business  generally  ;  a  surveyor,  an 
assayer.  superintendents  or  head  foremen  of  mine,  mill  and 
cyanide  j)lant.  a  master  mechanic,  and  foremen  of  the  various  sub- 
departments,  and  with  these  the  successful  manager  will  keej)  in 
very  close,  intimate  touch. 

There  is  another  phase  of  the  manager's  work  that  1  have 
not  yet  touched  upon — a  department  in  wliicli  lie  remains  alone. 

The  mine  is  the  j^roperty  of  a  com])any,  and  the  ])ub]ic  pav 
very  much  more  attention  to  the  shares  than  they  do  to  the  mine 
and  the  majority  of  .shareholders  e\])ect  to  makr  \  er\  much 
more  out  of  the  fluctuation  in  the  price  of  shares  ilian  ihev  do 
out  ol  tile  mine.  There  is  a  constant  active  buying  and  selling 
of  shares.  Xow  the  manager's  regular  reports  to  his  Hoard  can 
very  materially  alTecl  the  price  of  shares,  and  his  plans  of  opera- 
tions do  also  very  materially  aflfect  the  price  of  shares ;  dis- 
coveries will  be  made  in  the  mine  that  will  make  enormous 
differences  in  the  value  of  the  stock.  In  \  ery  manv  wavs  the 
manager  has  a  very  large  control  over  the  price  of  the  stock,  and 
if  there  be  any  deviation  on  his  part  from  strict  honest v,  from 
the  true  profes><ional  spirit  of  disinterestedness,  he  mav  l)e  in  a 
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position  to  make  much  money  for  himself  or  his  friends.  Here  is 
a  wide  open  temptation — a  temptation  so  coarse  and  glaring — 
so  palpable — that  it  will  in  general  be  easily  avoided,  but  it  has 
also  its  more  subtle  aspects,  and  the  only  protection  a  man  has 
lies  in  the  inherent  honesty,  the  professional  spirit  and  the  tone 
of  the  true  engineer. 

This  is  an  outline  of  the  position  of  a  manager  uf  by  no 
means  large  property,  and  may  be  taken  as  a  fair  general  exaniple. 

As  an  example  of  the  extent  to  which  the  business  of  mine 
management  may  grow.  I  would  cite  the  case  of  The  Consoli- 
dated Gold  Fields  of  South  Africa.  In  1897,  in  their  engineering 
offices  in  Johannesburg,  they  had  fifteen  draughtsmen  in  the 
surveying  department,  and  seventeen  more  in  the  general  depart- 
ment. Their  chief  engineer  drew  a  salary  of  $60,000  a  year,  their 
chief  mechanical  engineer  drew  825,000.  and  so  on.  Of  course 
this  office  did  all  the  engineering  work  for  a  large  group  of  mines 

But  it  is  the  smaller  propositions  that  tax  the  resources  of 
the  mining  engineer  most  severely,  for  in  these  cases  he  must 
himself  control  every  department,  and  must  carry  out  works  that 
in  larger  concerns  would  be  in  the  hands  of  heads  of  departments 
in  themselves  specialists  capable  of  carrying  responsibility. 

In  an  examination  of  the  duties  of  mine  manager,  as  I  have 
outlined,  what  do  we  find  as  the  more  prominent  points?  I  think 
that  we  shall  find  that  the  most  important  point  of  all  is  confi- 
dence— mutual  confidence  between  the  directors  and  the  manager. 
To  obtain  this  the  manager  must  be  a  man  of  experience — a  man 
with  a  record — a  man  w*ho  has  made  friends.  The  next  point  of 
importance  is  the  fact  that  the  whole  concern,  first,  last  and  all 
the  time,  is  a  business  proposition  undertaken  with  the  sole  and 
only  puri)ose  of  making  money,  and  as  far  as  our  engineer  is 
concerned,  making  money  legitimately,  though — and  this  is  a 
])oint  ever  to  be  remembered  by  the  young  graduate — there  are 
always  those  seeking  to  make  money  illegitimately.  The  whole 
concern  in  every  department  must  be  organized  on  a  commercial 
basis.  The  third  point  of  importance  is  the  essentially  scientific 
character  of  all  the  problems  involved  in  the  finding,  winning  and 
treating  of  the  ore.  In  the  young  graduate's  technical  course,  his 
whole  time  and  energies  being  occupied  with  this  latter  point,  he 
is  ai)t  to  lose  sight  almost  altogether  of  the  other  two.  But 
these  three  points  are  as  inseparable  as  the  three  dimensions  of 
space,  and  any  proposition  founded  on  two  oidy  will  be  a  failure. 
Of  course  there  is  an  exception  to  this  rule — the  factor  known 
as   luck   may  upset  all  rational  conceptions. 

r.esides  these  three  fundamental  points  there  are  others  of 
nearly  ecpial  im])ortance.  .Ml  mining  work  is  new  work;  every 
problem  is  a  new  one.  differing  in  many  respects  from  the  engi- 
neer's previous  experience:  every  problem  is  complex,  involving 
a  large  number  of  facts  and  conditions  often  very  obscure.  The 
engineer  must  be  a  man  of  varied  e\!)»-ritnct'.  not  oiil\-  con\ersant 
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with  a  wide  range  of  scientific  knowledge,  but  with  a  very  wide 
range  of  actual  experience.  He  must  be  essentially  quick  witted 
and  he  must  have  a  lively  technical  imagination,  ever  ready  to 
imagine  new^  combinations  and  possibilities.  But  his  tempera- 
ment and  technical  character  must  be  strong  enough  to  allow 
this  imagination  full  play,  without  it  carrying  him  off  his  feet 
into  a  wilderness  of  conjecture. 

He  must  be  physically  strong — able  to  live  anywhere  and 
eat  anything;  he  must  ever  be  ready  to  pack  his  blankets  and 
his  scientific  knowledge  on  his  own  back. 

He  must  be  a  professional  man  in  the  fullest  sense  of  the 
lenn.  I  Ic  must  have  tone  ;  I  cannot  define  tone,  it  marks  quality, 
or  shall  1  say  quality  marks  tone.  And  tone  is  as  unassailable 
as  it  is  hard  to  define.  l'>om  t'he  first  step  to  the  last  the  mining 
engineer'is  surrounded  by  temptations  of  every  kind  ;  every  ten- 
dency within  him  will  have  free  opportunity  to  pull  him  towards 
disaster.  From  the  start  he  is  away  from  the  influence  of  custom 
and  social  ties,  and  he  who  has  never  been  absolutely  free  from 
these  influences  can  have  little  conception  of  the  extent  of  their 
controlling  power.  But  the  temptations  arising  from  avarice  and 
ambition  are  the  most  continually  and  persistently  present.  And 
these  temptations  are  often  of  t'he  subtlest  kind — most  frequently 
not  having  even  the  appearances  of  temj^tation,  and  this  is  a  ]>hase 
of  his  work  in  which  the  engineer  stands  alone — a  game  in  which 
he  must  play  a  lone  hand: 

Disinterestedness  is  the  foundation  and  skeleton  framework 
of  the  whole  structure  of  the  ])rofessional  man.  If  he  is  not  dis- 
interested 'he  is  nothing.  He  is  an  employee  and  his  interests 
always  must  be  on  behalf  of  his  employer.  This  explains  how 
the  mine  manager  can  'be  a  business  man  and  still  a  professional 
man.  He  is  carrying  on  business  for  another  and  he  can  carry 
it  on  only  in  the  cleanest  and  straightest  of  business  methods. 

AnoiJKT  thing  to  be  ohser\ed  in  the  work  of  our  mine  man- 
ager is  that  he  has  more  to  do  with  human  nature  than  with  an\- 
of  the  other  forces  of  nature.  He  has  to  deal  with  his  director.^* 
on  one  hand,  and  with  his  employees  with  the  other.  He  has 
to  (leal  continually  with  the  cle\eresl  scoundrels  and  rogues  of  all 
classes  and  kinds.  He  has  to  de])cn(l  on  his  iudgnient  of  character 
in  black,  red,  yellow  and   white. 

Well,  gentlemen.  ha\e  I  jjainted  an  impossible  ])iciure  for 
you?  1  have  outlined  the  main  skeleton  frame  of  a  possible 
structure — a  structure  for  which  there  is  an  enormous  demand: 
the  completion  of  the  edifice  depends  upon  the  indi\idual. 

.*^(^  much  for  what  there  is  in  I'ront  of  us.  Let  ns  n.tw  con- 
sider I  lur  first  steps. 

The  young  graduate,  despite  his  hard  work  and  scientific 
attainments,  is.  as  an  engineer,  well  nigh  as  useless  as  the  new- 
born l)al)e.  1  know  you  will  not  believe  this — it  is  not  compatible 
with  your  years  and  your  efforts — it  is  ])robably  just  as  well  that 
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you  don't  believe  it,  but  it  is  one  of  the  first  important  things 
that  you  must  learn  in  the  outside  world. 

How  is  this  so?  Thus:  the  young  graduate  has  had  no 
experience  (1  know  there  are  exceptions),  consequently  can  have 
no  judgment,  and  therefore  is  absolutely  incapable  of  responsible 
initiative. 

Many  people  will  tell  me  1  am  entirely  wrong — that  the 
young  graduate  is  full  to  overflowing  with  judgment — that  he 
will  judge  anything  or  anybody,  and  as  for  initiative,  he  has  the 
nerve  and  the  supreme  self-confidence  to  tackle  any  proposition 
— to  initiate  anything.  Exactly — that  emphasises  what  1  mean — 
he  has  no  judgment — that  is,  no  judgment  that  can  be  (lei)ended 
upon. 

in  England  they  put  the  embryo  engineer  in  an  incubator — 
that  is — he  is  articled  as  a  pupil  for  one,  two  or  more  years  to  an 
engineer  of  standing  and  experience,  and  for  this  privilege  he 
will  pay  as  much  as  $1,000  a  year,  and  will  receive  no  pay  of  any 
kind  in  return  for  his  work.  With  this  idea  I  would  be  wholly  in 
accord,  if  the  conditions  in  the  colonies  permitted  it.  I  would  not 
advise  for  a  colonial  mining  graduate  an  articled  pupilage  in 
England;  but  if  a  western  mining  engineer  would  take  him.  he 
could  not  possibly  do  better.  But  out  here  the  conditions  are 
different,  and  we  have  to  face  conditions  as  we  find  them. 

In  the  first  place,  many  of  our  technical  graduates  have  not 
the  means  to  pay  any  pupilage  fees,  nor  even  to  give  their  services 
and  time  for  nothing:  they  must  earn  soon  after  graduation.  And 
again  I  do  not  think  you  could  persuade  any  mining  engineer  in 
acti\e  work  on  this  continent  to  accept  pupilage  fees  or  to  have 
about   him   a   ])upil    working  for  nothing. 

The  young  graduate  must  earn  money,  and  it  is  a  function  of 
the  technical  school  to  lea\c  him  in  a  position  to  do  this,  and 
there  are  two  or  perhajis  three  or  even  four  branches  of  work  in 
whic'h  the  technical  schools  can  turn  out  commercially  useful 
men.  I  refer  to  assa\ing  and  sur\e\'ing.  and  to  a  certain  extent, 
draughting. 

l^he  school  can — if  it  chooses — turn  out  men  who  could  take 
hold  of  the  position  of  assayer  or  of  surveyor  at  any  small  mine 
or  who  would  make  excellent  assistants  on  a  large  property. 
These  positions  rc(|uire  practically  no  judgment  or  initiative, 
and  the  main  difference  between  the  work  at  the  sciiool  and  the 
work  at  the  mine  consists  in  the  rapidity  that  is  recpiired  in 
commercial  work,  and  a  certain  ability  to  make  shift  with  the 
anything  but  ideal  conditions  and  appliances  that  one  may  be  up 
against.  If  to  a  smooth  working  knowledge  of  assaying  and 
surxeying.  the  young  graduate  has  added  an  active  knowledge  of 
bookkeeping  and  cost-keeping,  he  has  three  strings  to  liis  bow 
that  will  earn  him  a  living  in  any  active  mining  camp. 

It  is  a  common  saying  in  the  West  that  if  you  cannot  get 
one  job  you  should  take  two.  by  which  is  meant  that  you  may 
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often  be  able  to  get  a  job  as  an  assayer  and  l)ookkeeper  coml)ine(l 
where  you  could  get  nothing"  if  you  applied  for  either  singly,  ^ly 
advice  to  any  technical  school  would  be — make  bookkeeping  and 
cost-keeping  and  the  commercial  organization  of  engineering 
business,  an  important  part  of  your  curriculum.  My  advice  to 
any  student  of  a  school  where  this  is  not  jjart  of  the  curriculum 
is,  to  take  steps  to  make  a  special  study  of  these  subjects  at  the 
earliest  possible  opportunity. 

The  obtaining"  of  a  position  as  assayer  or  surve}- or,  and,  from 
tliat  position,  studying  the  actual  working  conditions  of  a  mine, 
to  be  ready  for  further  ad\-ancement  in  \-our  i)rofession,  is  the 
orthodox  method. 

The  surveyor  lias  tlu'  l)etlcr  opnortunity —  lie  is  here,  there 
and  everywhere  on  the  property — niixed  with  everybody  and 
sees  everything  that  is  going  on,  and  will  be  more  naturally  g"i\"en 
the  position  fif  acting  manager  or  assistant  manager. 

JrlowcNcr,  l)cfore  going  any  further,  let  us  consider  more 
fully  the  functions  of  the  first  few  years  after  graduation.  Tlie 
first  function  doubtless  is  the  earning  of  a  living,  and  the  ortho- 
dox way  of  doing  this  I  liaxe  outlined.  Dut  if  xou  stop  at  tliat, 
you  will  nex'cr  be  an  engineer.  'J'he  main  function  is  to  get 
experience — witle,  varied  experience — of  everything  you  will  need 
in  after  years.  Another  function  is  to  make  professional  friends, 
l)ul   tlu'  main  jioint  is  exjjerience. 

hi  your  .'^.  I*.  S.  course  you  have  had  a  most  excellent 
training.  \'ou  lia\e  been  trained  to  think — to  reason — to  read 
and  to  a  certain  extent  to  observe — you  ha\-e  been  trained  to  a.sk 
the  (|uestion  "  why"  and  to  make  an  efl""ort  to  rationallv  answer 
that  question.  \nu  have  learnt  much  about  the  phvsical  laws 
underlying"  all  engineering"  problems.  The  excavations  have  been 
dug  and  a  very  substantial  foundation  has  been  laid  for  a  verv 
elaborate  superstructure;  and  further  than  this,  the  skeleton  steel 
Irame  work  has  been  in  ])art  erected;  and  even  still  further,  if  the 
material  for  further  erection  has  not  I)een  gathered,  the  method 
of  obtaining  it  has  at  least  been  indicated,  ^'oll  can  live  in  the 
cellar  if  you  like,  but  that  will  ne\er  make  a  house  of  it — \-ou 
will  never  be  an  engineer,  ^'ou  must  build  on  the  foundation. 
N  on  must  fill  in  the  skeleton  frame  work  — xou  must  erect  exten- 
sions to  your  frame  work — this  you  must  do  alone,  .\obodv  else 
can  do  it  for  you.  The  elaborating  of  the  structure  is  bv  i)ersonaI 
experience.  In  my  student  days  Prof,  (ialbraith  advised  us  to 
devote  the  first  ten  years  after  graduating  t.i  the  sole  function  of 
gaining  a  varied  experience.  I  tliiuk  this  most  excellent  advice. 
Xo  matter  what  position  you  hold  you  will  be  gaining  experience 
and  to  gain  a  varied  experience  you  must  not  stay  too  long  in 
one  position,  I'.ul  \i.u  must  not  trust  to  hajihazard  luck  in  the 
posit i(tns  you  gel.  There  are  sexeral  ])oints  to  be  remembered. 
In  the  lirsl  place  in  your  early  days  you  can  do  things  that  later 
<ni   in  your  prolessioual  life,  \-ou  could  not  do.      l''or  instance,  on 
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graduating  you  c(nild  work  as  a  mucker  or  common  laborer 
underground — or  you  might  innocently  be  employed  by  some 
notoriously  corrupt  men  or  companies.  In  neither  case  would 
vour  reputation  suffer,  and  you  would  be  the  gainer  by  some 
valuable  knowledge. 

The  most  prominent  feature  of  mining  work  in  all  parts  of 
ihe  world  (and  in  Canada  and  Ontario  have  we  had  most  scan- 
dalous examples  of  it)  is  the  extreme  corruption,  crookedness  and 
dishonesty  that  fre(|uently  accompanies  it.  This  exists  to  a 
degree  beyond  all  ccjnception  by  those  who  have  not  actually 
seen  it.  If  vou  keep  this  fact  in  view  and  remain  always  ready 
to  quit  a  job  when  it  looks  dirty,  you  can  in  your  early  years  take 
pretty  nearlv  anything  you  can  get.  but  later  on  you  must  l)e 
more' careful  what  you  do.  Then  the  main  point  would  be  to  get 
near  good  men.  near  good  com])anies  and  successful  concerns. 

In  your  earlv  years  there  are  several  yery  unorthodox  things 
that  1  would  advise.  In  all  mining  work  the  biggest  item  is  for 
labor,  and  there  is  no  other  item  of  expenditure  in  which  money 
may  be  lost  or  saved  to  the  same  extent.  The  human  machine 
is  not  only  the  most  used,  but  it  is  the  most  complex,  and  to  be 
a  successful  mining  man  you  must  understand  your  workman. 
The  best  place  to  study  your  workingman  is  alongside  of  hnn. 
1  strongly  advise  every  young  mining  graduate  to  work  a.s  a 
mucker^o'r  trammer  underground  in  some  fairly  large  mme.  lo 
do  this  projierly  vou  must  do  it  th;)roughly  and  drop  all  your 
engineering  business,  and  your  diploma  and  all  that,  and  get  into 
dir'ty  overalls  and  get  your  job  from  the  foreman  and  sleej)  m 
the  bunk-house  and  keep  away  from  the  office.  This  I  know  is 
often  advised,  and  in  Cornwall  and  Freiberg  there  are  regular 
practical  ccnirses  underground  where  the  students  i)lay  more  or 
less  seriously  at  work,  and  learn  after  a  fashion  to  swing  a 
hammer  and'frame  a  set.  Candidly  I  don't  think  much  of  that— 
I  do  not  see  that  such  work  is  of  very  much  use.  and  in  tho.-e 
practical  curses  vou  don't  learn  anything  of  the  men— you  don  t 
cret  round  to  iheir  point  of  view.  'Phis  to  my  mind  is  the  es.«;en- 
Tial  point,  and  niv  advice  is  to  get  a  mucker's  job  and  hold  it  at 
least  over  one  pav  day  and  over  several  if  you  can.  It  will  hurt 
and  it  will  be  hard,  but  it  will  be  worth  it. 

\>-ain  if  vou  have  anv  inclination  towards  carpenters  w..rk 
or  machine  fitting  or  any' opP'^^tunity  to  follow  up  such  work. 
1  sav  by  all  means  do  >o.  I  know  of  no  better  (piahhcation  tor  a 
voung'man  seeking  mining  experience  than  a  knowledge  oi 
machine  fitting.  There  is  no  part  of  a  mine  tree  fn.m  machmerv, 
and  the  fitter' is  wanle.l  everywhere  and  gets  a  job  more  easily 
than  anv  other  cla.ss  of  skille.l  or  semi-..kille<l  workman  :  while  a 
carpenter  can  often  get  a  job  on  mill  construction  or  the  like 
that  will  give  him  an  in.sight  into  construction  that  he  could  get 
in  no  other  wav.  The.se  are  not  short  cuts  to  success  or  by-path j 
— thev    are   stepping   stone<   and   most    valuable  ones  at   that.      1 
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would  strongly  advise  the  mining  student  to  spend  at  least  one 
of  his  summers  in  a  machine  shop  or  in  a  carpenter's  shop.  1 
would  consider  this  better  than  a  summer  spent  in  an  assay 
ofifice,  on  survey,  or  in  a  mine. 

The  next  question  is  as  to  where  the  young  graduate  is  to 
go  on  graduation.  Into  the  question  of  a  post-graduate  course 
I  cannot  go  beyond  saying  that  I  am  in  favor  of  a  post-graduate 
course,  and  would  still  recommend  Freiberg  despite  all  the 
advances  made  by  technical  schools  on  this  continent. 

After  the  completion  of  his  technical  course  he  should  go 
to  some  active  mining  camp,  and  I  certainly  would  choose  the 
Western  States.  I  am  enthusiastically  a  Canadian,  but  I  do  not 
advise  the  young  mining  engineer  to  remain  in  Canada.  He  should 
go  to  an  older  mining  country  for  his  experience,  and  the  United 
States — the  Western  States — has  trained  and  still  is  training  the 
world's  most  prominent  engineers.  And  when  you  go  west  leave 
your  diploma  behind  you.  also  your  testimonials  and  recommen- 
dations. You  will  be  looking  only  for  subordinate  positions,  and 
for  these  positions  men  will  size  you  up  by  looking  at  you  and 
will  discharge  you  as  casually  as  they  engage  you.  Xever  be 
afraid  of  quitting  a  job.  It  is  no  disgrace — very  often  it  is  not  a 
bad  thing  to  be  discharged.  A  willingness  to  turn  your  hand  to 
anything  and  everything  that  comes  your  way  and  do  it  with 
your  best  effort,  are  traits  that  will  help  you  more  than  others. 
It  will  be  several  years  before  you  get  to  what  your  heart  pines 
for — that  is  real  engineering  work — but  you  must  not  neglect  it 
for  that  reason  ;  your  eyes  must  always  be  open  to  everything 
about  you.  and  you  must  read  everything  you  can  lav  vour 
liands  on — technical  magazines  and  catalogues  in  particular. 

You  will  probably  find  the  life  a  hard  one.  full  of  painful 
pliysical  effort — full  of  misunderstandings  and  disappointments. 
Hope  will  be  long  deferred.  Your  scientific  attainments  will 
seem  lost — swallowed  up  by  chance  and  the  force  of  circum- 
stances. You  will  think  you  are  losing  all  your  finer  feelings — 
your  social  niceties  ;  the  latest  operas  and  plays  will  hardly  be 
known  by  name  to  you  and  the  popular  airs  will  be  three  vears 
old  when  they  reach  you.  Life  will  be  anything  but  a  soft'snap 
and  your  only  consolation  will  often  be:  "Well,  it's  good  exper- 
ience, and  anyway,  it's  all  in  the  day's  work  !"  You  will  find  that 
you  will  have  to  give  up  very  much.  If  not  all  that  went  to  make 
life  pleasant,  and  you  will  get  in  return — if  you  arc  luckv — work 
— and  in  many  years — if  you  are  lucky — well  i)ai(l  work. 

But  you  will  see — and  if  your  eyes  are  open,  life  will  be  verv 
lull — you  will  play  your  own  game  with  a  freedom  and  a  scope 
unknown  in  any  other  profession,  ^'ou  will  have  opportunities 
to  carry  your  tendencies  to  the  full.  You  will  be  with  men  and 
you  will  work  with  men.  and  the  conditions  and  surroundings 
will  be  such  as  to  l)ring  out.  in  full  promintMicc.  the  characters 
g(K)(l  ami  bad  of  men.     ^'eneer  and  polish  will  be  absent,  and  if 
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you  are  a  lover  of  men  you  will  love  your  life.  If  you  want  an 
easy  life  leave  mining  alone,  if  you  are  not  a  tramp  and  want 
everytliing  settled — if  you  are  contemplating  early   marriage — 

don't  go  in  for  mining,  for  you  will  have  to  live  and  work  where 
it   would   nut   be   fair   to   take   her. 


PRELIMINARY  STUDIES  IN  CONNECTION  WITH  THE 

DEVELOPMENT   OF   HYDRAULIC   POWER 

H.  G.  ACRES,  '03 

It  is  not  within  the  scope  of  this  article  to  fully  discuss  such 
a  subiect  as  this,  as  every  hydraulic  problem  involves  features 
peculiar  to  itself,  which  require  special  study  and  treatment.  For 
this  reason  it  will  be  necessary  to  make  certain  assumptions  and 
follow  out  a  line  of  reasoning  based  upon  them. 

Assuming,  therefore,  the  existence  of  a  stream  upon  which, 
at  one  or  more  points,  power  development  is  structurally  and 
economicallv  feasible,  the  first  point  to  note  is  that  the  very  fact 
of  development  being  economically  feasible  implies  the  existence 
of  a  market  for  the  power  output,  or  at  least  the  certainty  of 
establishing  one  within  a  reasonable  time.  So  that  before  the 
hydraulic  features  of  the  problem  are  considered  in  detail,  the 
commercial  possibilities  must  first  be  studied  with  a  view  to 
ascertaining  whether  or  not  there  is  sufficient  inducement  oflfered 
to  proceed  with  development. 

The  character  of  the  market  available  to  any  source  of  power 
will  varv  widely  with  its  geographical  situation.  In  .some  locali- 
lies  the  power'  output  of  the  plant  will  be  dispt)sed  of  at  the 
turbine-shaft,  as  is  generally  the  case  in  the  manufacture  of  pulp. 
lumber.  Hour,  etc.  ^  In  other  localities  it  may  be  necessary  to 
transform  tlie  mechanical  output  into  electrical  energy  to  meet 
the  rec|uirements  of  the  market. 

In  the  first  case  the- problem  is  a  comparatively  snnple  one, 
it  being  simi)lv  necessarv.  in  the  majority  oi  cases,  to  instal 
sufficient  hv.lraulic  capacitv  to  meet  a  steady  demand  for  power, 
the  amount  of  which  can  be  very  closely  estnnatod.  In  the 
second  case,  however,  owing  to  the  wide  range  of  mdustnal 
uses  to  which  hvdraulic  encrg)-  can  be  electrically  applied,  the 
question  becomes  much  more  complex,  and  t-.r  its  proper  study 
reciuires  careful  investigation  and  the  exerci.>^c  of  con.servative 
judgment  for  the  conclusions  arrived  at  will  have  an  important 
beaming  upon  the  general  design  and  lay-.nit  ot  the  plant  and 
perhaps    also    upon    its   location,    where    more    than    one    site    is 

The  iopogra])hical  features  of  the  power  site  and  the  condi- 
ti.„i->  ..t  flow  will  of  course  be  the  main  consideration  in  amncc- 
ti,m  with  the  method  of  development,  and  will  determine  the 
limiting  cai)acitv.      .\part    from   this,   in   so  lar.  at   least,  as   the 
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installed  cai)acity  is  concerned,  deductions  derived  from  a  study 
of  the  market  will  be  the  controlling  factor.  It  is  to  be  noted  in 
tliis  connection  that  estimates  of  required  capacity  should  not 
be  based  upon  the  lump  sum  of  all  contracts  entered  into  or  in 
sight,  but  upon  estimates  derived  from  a  classification  of  these 
contracts  according  to  the  hours  of  service  called  for.  It  will 
then  be  possible  to  arrive  at  an  approximation  of  the  installed 
capacity  required  to  handle  the  peak  load,  this  being  the  value 
w'hich  obtains  when  the  simultaneous  demands  of  the  power- 
users  become  a  maximum. 

An  estimate  of  the  average  load  can  also  be  approximated, 
and  from  this  an  idea  can  be  formed  as  to  the  proper  capacity 
of  the  individual  units  to  be  installed,  with  a  view  to  handling 
the  variations  of  load   with  a  maximum  of  efficiency. 

This  may  be  summed  up  by  stating  that  for  a  maximum  of 
operating  efficiency,  the  lay-out  o(  the  plant  and  the  individual 
capacity  of  the  units  will  depend  upon  the  load-factor,  which  is 
the  ratio  between  the  maximum  and  the  average  load;  thus  in 
the  general  case  a  small  load-factor  will  call  for  individual  units 
of  small  cai)acity,  and  as  the  load-factor  approaches  unity  a 
smaller  number  of  units  having  larger  capacity  will  gi\e  the  best 
economy.  It  is  to  be  noted  in  the  latter  case,  however,  that 
where  continuity  of  serxioe  is  of  first  imjiortance,  the  concentra- 
tion of  ca])acit_\-  may  make  the  installation  of  a  spare  unit 
necessar\'. 

.\  general  inx-estigation  liaxing  established  the  fact  that  a 
suitable  market  is  availal)le.  the  hydraulic  features  of  the  problem 
may  then  be  taken  up  in  detail.  The  first  point  to  be  considered 
in  this  connection  is  the  amount  of  water  available,  and  a  recon- 
naissance sur\e\-  should  be  made  of  the  watershed  from  which 
the  supi)ly  is  drawn.  In  this  way  information  will  be  obtained 
as  to  the  area  of  the  watershed,  the  gradient  of  the  stream,  and 
general  topographical  features,  such  as  the  nature  of  the  soil, 
amount  ol  wooded  and  culti\-aled  land,  and  the  numl)er  an<l 
extent   of  lakes,  marshes,  etc. 

An  approximation  close  enough  for  practical  purposes  can 
usually  be  arrived  at  with  reference  to  the  area  of  tlie  watershed 
from  existing  maps  of  the  district,  in  Canada  the  (leological 
Sur\ey  maps  answer  very  well,  especially  in  the  unsurveyed 
districts,  as  they  are  fairly  accurate  and  contain  a  considerable 
amount  ol  (K-tail.  The  standard  topographical  maps  published 
.It  (  >lta\va  under  the  direction  of  the  n<iminion  Cieographer  are 
^till  better,  but  these  maps  so  far  embrace  a  comparativeh-  small 
area,  lioih  classes  of  maps  are  plotteil  to  a  four-mile  scale  and 
notes  can  conveniently  be  made  upon  them  in  the  field. 

During  reconnaissance  particular  attention  should  be  paid 
to  the  possibilities  of  artificial  storage  along,  or  at  the  head- 
waters_of  the  stream.  (  )wing  to  the  fad  that  the  (piantity  of 
contimious   twenty-four   hour   power   available   per   foot    of   head 
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depends  upon  the  amount  of  water  discharged  under  conditions 
of  minimum  flow,  any  steady  increment  which  can  be  added  to 
the  minimum  flow  will  increase  the  continuous  twenty-four  hour 
capacity  in  the  direct  proportion ;  and,  if  the  maximum  available 
head  at  the  power-site  has  been  utilized,  and  the  market  has 
absorbed  the  continuous  capacity  derived  from  minimum  flow, 
the  only  way  of  "hydraulicly"  meeting  any  further  demand  for 
continuous  power  is  to  augment  in  some  way  the  natural  low- 
water  flow.  This  is  generally  accomplished  by  improving  the 
natural  storage  facilities  of  the  watershed,  and,  as  before  stated 
this  is  one  of  the  most  important  points  upon  which  information 
is  to  be  obtained  during  reconnaissance. 

The  field  work  in  this  connection  consists  in  collecting 
information  as  to  the  area  of  the  various  lakes  and  other  adapt- 
able storage  basins  above  the  site  of  development.  Lake  out- 
lets should  be  carefully  examined  with  a  view  to  obtaining 
suitable  cross-sections  for  damming,  the  topographical  advan- 
tages of  these  locations  being  offset  against  the  possible  liability 
to  land  damages  resulting  from  the  construction  of  dams.  If 
the  watershed  contains  much  cultivated  land  and  the  scheme 
of  development  is  at  all  extensive  or  elaborate,  all  these  storage 
basins  should  be  traversed,  dam-sites  cross-sectioned  and  flood 
contours  established.  This  will  furnish  sufficient  information 
to  establish  the  location,  method  of  construction  and  extent  of 
storage  works  and  to  admit  the  computation  of  flooded  areas. 
To  supplement  this,  data  should  also  be  obtained  from  the 
nearest  weather  station  concerning  the  value  of  the  mean  annual 
precipitation,  snow  being  reduced  to  water,  and  also  the  value 
of  the  mean  annual  temperature.  It  is  well  to  get  these  records 
for  as  many  years  back  as  they  extend.  Empirical  formulae 
giving  a  value  for  annual  evaporation  have  been  derived  which 
involve  the  values  of  mean  annual  precipitation  and  temperature, 
but  they  are  not  safely  applicable  in  a  general  way.  owing  to  the 
fact  that  the  constants  involved  have  been  based  upon  local  data. 
Generally  all  that  can  be  done  is  to  obtain  from  the  yearly  records 
the  minimum  value  of  mean  annual  precipitation.  This  value, 
used  in  conjunction  with  the  area,  will  give  the  probable  mini- 
mum value  of  the  total  annual  precipitation  over  the  watershed. 

From  data  collected  during  reconnaissance  it  will  now  be 
possible  to  assume  a  value  for  the  "run-off"  factor  by  which  is 
meant  the  percentage  of  total  annual  precipitation  which  will 
be  available  for  power  purposes  after  allowance  has  been  made 
for  dissipation  by  evaporation,  seepage,  and  the  requirements  of 
vegetation.  This  quantity  varies  widely  with  the  locality  and 
depends  largely  upon  climatic  conditions  but  als<i  upon  the 
topographical  features  of  the  watershed  and  the  gra<lient  of  the 
stream  :  thus,  in  a  watershed  containing  a  large  proportion  of 
cleared  and  cultixated  land  with  small  lake  areas  and  steep 
stream    gradient,   maximum    values  of   the   run-off  factor  would 
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obtain,  owing  to  the  fact  that  a  large  portion  of  the  precipitation 
vvouhl  be  carried  off  by  freshets,  while  it  would  tend  toward  a 
minimum  in  the  case  of  a  sluggish  stream  draining  a  watershed 
containing  a  large  proportion  of  open  hard-wood  forest  and 
large  lake  area,  these  conditions  tending  toward  a  maximum  of 
evaporation  and  seepage,  and  absorption  by  vegetation.  The 
value  of  this  run-off  factor  is  generally  from  30  to  60  per  cent., 
but  it  often  runs  below  30  and  sometimes  reaches  a  value  of  80 
per  cent,  in  the  case  of  short  mountain  streams. 

In  Ontario  the  rivers  tributary  to  the  Lower  Lakes  will 
probably  deliver  25  to  50  per  cent,  of  annual  precipitation,  while 
those  tributary  to  Lake  Huron  and  Lake  Superior  and  through- 
out New  Ontario  generally  will  deliver  40  to  60  per  cent.,  some 
of  the  shorter  and  more  turbulent  rivers  probably  running  as 
high  as  70  per  cent.  The  higher  values  are  assigned  to  the 
northern  rivers  chiefly  because  their  watersheds  are  largely 
covered  by  evergreen  forest,  which  protects  the  ground  surface 
from    the   sun   and   wind. 

Jt  should  be  noted  that  this  exceedingly  approximate  method 
of  estimating  run-off  is  permissable  only  when  it  is  impossible 
to  obtain  more  exact  data  or  in  cases  where  the  minimum  natural 
flow  is  known  to  be  sufificient  to  abundantly  cover  all  estimates 
of  market  requirement.  This  applies  only  to  rivers  like  the  St. 
Lawrence  and  the  Niagara. 

Tn  most  cases,  however,  although  such  an  estimate  may  be 
made  valuable  by  the  exercise  of  experienced  judgment,  it  is 
necessary  to  supplement  it  with  data  derived  from  direct  and 
frequent  measurements  of  discharge.  Too  much  stress  cannot 
be  laid  upon  the  importance  of  this  phase  of  the  investigation 
and  any  appropriation  reserved  for  its  furtherance  in  the  con- 
sideration of  a  powei  scheme  can  be  well  and  profitably  applied. 
The  more  frequently  these  gaugings  can  be  made  the  better,  once 
a  week  at  least,  and  for  a  ])erio(l  extending  at  least  (Tver  one  cycle 
of  the  water  year. 

Extract  from  Water  ."^uj)])!}  and  Irrigation  Paper  \o.  SO. 
I'.  S.  Geological  Survey,  by  (1.  \\  .  Rafter: 

"The  writer  has  found  it  very  con\enienl  lo  di\ide  rainfall 
and  run-oft'  records  into  three  periods,  those  of  Storage,  Growing 
and  Keplenishing.  with  a  water  year  beginning  December  1  and 
■ending  .\o\ember  30.  The  storage  period  includes  the  months 
from  December  to  May  inclusi\e.  during  wliich  the  evaporation 
and  absorption  l\v  plants  is  relatively  slight,  and  a  \  cry  lar;'e 
])roportion  of  the  rainfall  ajipears  in  the  streams. 

"The  growing  period.  June  to  August,  inclusive,  includes 
the  period  of  active  vegetation,  when  evaporation  and  absorptit^n 
by  plants  is  most  notable.  During  this  period  frequently  not 
more  than  0.1  of  the  rainfall  appears  in  the  streams,  and  some- 
linn'^  not  more  than  0.05  and  c\'en  less.     Ground  water  tends  to 
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become  lower  and  lower  during  this  period,  unless  the  rainfall 
is  much  higher  than  the  average. 

"In  the  replenishing  period,  September  to  November  in- 
clusive, with  the  normal  rainfall,  ground  water  tends  to  recover, 
and  the  run-off  is  larger  than  in  the  preceding  period.  This 
period  is  replenishing  in  that  there  is  a  tendency  to  return  to 
normal    conditions." 

Records  thus  obtained  will  furnish  evidence  in  connection 
with  two  conditions  of  outstanding  importance :  namely,  the 
minimum  and  the  maximum  flow.  From  the  first,  the  minimum 
continuous  power  per  foot  of  head  can  be  deduced,  while  the 
second  forms  a  basis  for  the  design  of  permanent  works  and 
computations  with  reference  to  overflow  and  sluiceway  discharge 
area.  Also,  these  with  the  intermediate  values  of  discharge,  will 
make  it  possible  to  calculate  the  amount  of  the  annual  run-off 
without  assuming  a  value  for  the  run-off  factor. 

As  to  methods  of  discharge  measurement,  that  of  the 
current-meter  only  will  be  discussed,  as,  with  proper  manage- 
ment, this  is  the  most  accurate,  satisfactory  and  generally 
applicable  of  all,  and  the  following  is  based  upon  the  assump- 
tion  that  a  current-meter  will   be  used. 

The  best  time  to  locate  a  gauging  station  is  during  the  period 
of  low  water,  because  a  stretch  of  river  that  may  have  a  very 
appreciable  current  at  high  stages  may  become  a  quiet  pond 
during  the  low-water  period.  For  this  reason,  it  is  well  if 
possible  to  establish  the  gauging  cross-section  somewhere  near 
the  head  of  a  flat  rapid,  above  roug"h  water,  where  there  will  be 
a  measurable  velocity  at  all  stages  of  flow.  Moreover,  a  cross- 
section  like  this  usually  has  the  advantage  of  being  more  or  less 
permaneut.  as  it  will  have  a  rocky  or  gravelly  bottom  which  will 
not  be  materially  affected  by  floods. 

Having  decided  on  the  gauging  section,  the  establishment 
of  a  gauge  for  recording  water-levels  is  the  next  step.  This 
gauge  should  be  set  with  reference  to  a  bench-mark  well  out 
of  reach  of  flood-water,  so  that  if  the  gauge  is  destroyed  by  flood 
or  other  means,  it  can  be  replaced  without  affecting  the  relation 
of  sttbsequent  readings  to  those  taken  from  the  old  gauge. 

Soundings  may  be  most  conveniently  taken,  on  a  river  of 
moderate  size,  by  means  of  a  tagged  rope  or  cable  which  may 
be  permanently  stretched  across  the  stream,  or  else  placed  at 
the  time  of  gauging,  this  point  depending  upon  local  conditions. 
The  zero  point  of  this  rope  or  cable  should  always  be  set  to  a 
fixed  point  upon  the  shore  above  high  water  mark.  In  this  way 
the  individual  soundings  of  every  series  will  be  taken  over  fixed 
points  in  the  bed  of  the  stream,  these  fixed  points  having  their 
elevations  established  with  reference  to  bench-mark  mentioned 
above.  From  the  data  thus  obtained  it  will  be  possible  to  plot 
a  profile  of  the  bed  of  the  stream  and  as  much  of  each  bank  as 
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is  necessary  to  bring"  the  end  elevations  of  the  profile  beyond 
the  reach  of  liood-water. 

This  profile  can  be  laid  out  to  scale  upon  section  paper  and 
will  prove  valuable  for  computing  discharge  areas  during  periods 
of  flood.  Under  ordinary  conditions  of  discharge,  soundings  and 
velocity  measurements  can  be  obtained  directly  in  the  usual 
manner.  In  time  of  flood  this  is  often  impossible,  but  the  water- 
level  can  easily  be  obtained  with  reference  to  the  bench-mark 
and  laid  off  upon  the  profile  above  described.  From  this  the 
discharge  area  can  be  very  closely  estimated,  assuming  of  course 
that  the  flood  'has  caused  no  change  of  any  account  in  the  bed 
of  the  stream.  At  times  when  it  is  impossible  to  use  the 
current-meter,  surface  velocities  may  be  estimated  by  timing  the 
passage  of  cakes  of  ice  or  floating  de'bris  over  various  portions 
of  the  discharge  area.  By  using  these  in  conjunction  with  the 
discharge  area  derived  from  the  plotted  cross-section,  and  apply- 
ing the  necessary  velocity  constants,  a  reasonable  estimate  of 
the  flood  discharge  can  be  obtained. 

The  level-gauge  should  always  be  read  upon  the  occasion 
of  each  gauging,  and  daily  readings  should  be  taken  if  ])ossible. 
By  plotting"  the  gauge  heights  as  abscissae  and  the  corresponding 
discharges  as  ordinates,  a  discharge  or  "rating  curve"  is  obtained, 
whic'h  is  very  useful  in  estimating  discharge  during  extreme  high 
water  and  for  interpolating  discharges  to  correspond  to  certain 
gauge-heiglUs  where  opportunity  for  direct  measurement  has 
been  lacking. 

In  connection  with  estimating  annual  run-ofl:'  from  dis- 
charge measurements,  it  should  be  noted  that  a  value  obtained  in 
this  way  can  only  be  termed  an  average  one  at  best,  and  can  be 
assumed  as  a  minimum  only  if  the  annual  precipitation  for  that 
particular  year  appears  to  be  a  niinimuni.  An  idea  can  be 
formed  as  to  this  by  consultiiig  the  government  records,  if  any 
exist,  for  the  district  in  which  the  operations  were  carried  on. 

A  reasonable  indication  of  the  run-oiT  characteristics  having 
been  thus  obtained,  the  (|uestion  of  artificial  storage  may  be 
taken  u])  as  above  described,  ])r()\i(k'il  the  niarkol  deniand  makes 
such   a  course  necessarv. 

Where  mow  than  one  developmenl  location  is  available  for 
any  specific  scheme,  the  cpiestion  of  choice  of  site  opens  up  a 
wide  field  for  discussion.  l*'rom  a  hydraulic  standpoint,  the  com- 
parison would  be  based  mainly  npim  available  discharge  and 
natural  head,  but  if  the  scheme  in\iil\es  the  generation  and 
transmission  of  electric  power,  the  location  of  the  point  of  local 
distribution  with  reference  to  llu'  sites  of  (lcveloi)ment  intro- 
duces a  new  ami  important  factor  into  the  discussion,  and  it 
becomes  largely  a  c[ueslion  of  olT-setting  natural  adxantages 
against   transmission  distance. 

.'\ssume  two  sites  upon  the  same  stream  ha\ing.  as  is  often 
the  case,  approximately  the  same  amount  of  water  available,  one 
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site  being  adjacent  to  the  point  of  electrical  distribution  and  the 
other  some  distance  away  but  ha\ing  a  considerablv  greater 
natural  head. 

As  a  general  rule,  the  capital  cost  and  annual  charges  for 
development  will  vary  inversely  with  the  head  for  the  generation 
of  a  given  amount  of  power ;  that  is,  the  cost  of  a  low  head  plant 
will  be  greater  than  that  of  a  plant  of  the  same  capacity  operating 
under  a  higher  head,  owing  to  the  greater  amount  of  water  to 
be  handled  and  the  greater  expense  of  low  speed  machinery.  In 
the  case  under  consideration,  however,  it  is  evident  that  the 
saving  due  to  the  development  of  the  higher  head  must  be  offset 
against  the  capital  investment  and  annual  charges  for  trans- 
mission and  transformation. 

Here  again  the  question  of  market  requirement  presents 
itself.  Assume  that  the  low  head  installation  has  sufficient 
capacity  to  meet  the  immediate  demands  of  the  market,  and  that, 
all  things  being  considered,  the  comparative  estimates  place  the 
balance  to  the  credit  of  this  plant  as  regards  capital  cost  and 
fixed  charges.  Again,  suppose  twice  this  head  is  available  at 
the  other  location.  It  is  then  evident  that  in  the  event  of  develop- 
ment, this  plant,  after  meeting  the  market  requirements,  would 
have  a  reserve  capacity  equal  to  its  already  developed  output,  and 
the  possible  revenue  to  be  derived  from  future  market  extension 
will  be  a  measure  of  the  value  of  this  reserve  power. 

In  the  final  analysis,  therefore,  the  problem  would  resolve 
itself  to  this:  Will  the  prospects  of  future  market  extension  be 
such  as  to  justify  the  additional  capital  expenditure  and  fixed 
charges,  and  the  additional  risk  of  service  interruption,  due  to 
transmission  and  transformation? 

It  is  to  be  understood  that  this  is  only  one  of  an  infinite 
number  of  cases  that  may  be  presented  for  solution,  but  the 
above  will  have  served  its  purpose  if  it  indicates  in  a  general  way 
the  manner  in  which  a  hydraulic  problem  may  be  approached, 
and  also  the  wav  in  which  the  location,  design  and  laynaut  of  a 
power  plant  may  be  influenced  bv  the  character  and  extent  of 
the  market. 

In  conclusion  it  may  be  said  that  on  the  part  of  the  engineer, 
conservative  judgment  tempered  with  experience  is  very  ncccs- 
sarv.  as  the  science  of  hydraulics,  in  so  far  at  least  as  it  deals 
with  the  phenomena  of  flow  in  natural  channels,  is  based  upon 
very  approximate  assumptions  and  is  governed  by  obscure 
natural  laws.  For  this  reason  an  engineer  may  manijiulate 
coefficients  and  constants  in  such  a  way  as  to  involve  very  elabo- 
rate and  impressive  calculation,  while  an  error  in  some  funda- 
mental assumption  may  discount  his  results  to  the  point  of 
absurdity.  In  the  finer  points  of  design,  accuracy  is  of  course 
essential,  but  in  the  preliminary  studic'i  it  i<  a  liundrcd  times 
more  important  to  be  safe. 
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COPPER  ANODES  IN  CHLORIDE  SOLUTIONS 
SAUL    DUSHMAN 

In  the  following  paper  I  intend  to  give  a  summary  of  an 
investigation  undertaken  with  the  object  of  explaining  the 
anomalous  behavior  of  copper  as  anode  in  chloride  solutions. 
Preliminary  experiments  showed  that  copper  dissolved  with  a 
valency  ranging  from  1  to  2.  according  to  the  experimental 
conditions.  It  was  observed  that  in  concentrated  hydrochloric 
acid  solution,  it  dissolved  as  a  univalent  metal,  while  in,  more 
dilute  solution  the  valency  was  greater,  and  finally  attained  a 
value  of  2  for  very  dilute  solutions.  The  particular  concentra- 
tion of  hvdrochloric  acid  at  which  the  copper  ceased  to  dissolve 
as  purely  univalent  (i.e.,  cuprous)  varied  with  the  rate  of  stir- 
ring, rate  of  circulation,  current  density,  and  other  factors. 
Increased  stirring  or  circulation  caused  the  metal  to  dissolve 
much  more  as  cuprous,  while  increasing  the  current  density, 
under  otiierwise  constant  conditions,  increased  the  proportion  of 
cupric. 

.Mthough  several  hypotheses  could  have  been  made  to 
explain  these  experiments,  the  one  chosen  seems  to  be  in  best 
accord  with  the  quantitative  experiments  described  below.  //  is 
assumed  that  the  copper  anode  dissolves  by  the  action  of  the  current  in 
such  a  manner  that,  at  the  boundarv  between  solution  and  electrode, 
the  chemical  equilibrium  between  the  cupric  and  cuprous  salts  in  hydro- 
chloric acid  solution  is  maintained .  "~-- 

The  investigation  therefore  naturally  divided  itself  into  two 
parts:  (a)  Investigation  of  the  chemical  equilibrium,  (b)  deter- 
mination of  concentrations  at  the  electrode  in  the  electrolytic 
experiments.  The  chemical  eciuilibrium  between  cuprous  and 
cupric  salts  has  been  investigated  by  E.  .\bel,*  R.  T>uther,**  and 
Bodlander  and  Storbeck.*''"*  A  large  numl)cr  of  experiments 
performed  by  myself,  in  which  the  methods  of  analysis  and 
manipulation  were  different  from  any  of  the  above,  proved  in 
conformity  with  those  of  the  last  named  authors.  The  equi- 
librium between  copper,  cupric  and  cuprous  salts  in  presence  of 
hvdrochloric  acid  is  reiu-esented  1)\-  two  iM|uations: 

Cu  +   CuCU  ^  1  CuCl    (1) 

CuCl  +  HCl  ?^  HCuCl,  (2) 

Cupric  chloride  dissolves  metallic  copper,  according  to  (1), 
with  tlie  formation  of  a  cuprous  chloride.  As  well  known,  the 
latter  is  insoluble  in  water,  but  is  soluble  in  hydrochloric  acid 
solution,  this  fact  being  explained  by  the  formation  of  the  "com- 
plex salt"  HCuCL,  according  to  (2).  Each  of  the  above 
reactions  is  a  reversible  one  ;  it  ceases  when  there  is  attained  in 
the  solution  a  definite  ratio  between  the  products  of  the  concen- 

*E.  Abel,  Zeit.  f.  Anorg.  Chem.,  26,  361. 
**R.  I.nther,  Zeit.  f.  Physik.  Clieni.  36.  3S5. 
*♦*<;.  Bodlander  and  O.  s"torl)eck,  Zeit.  f..  Anortj.  Chem..  u,  1,458. 
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trations  of  the  reacting  substances  on  both  sides  of  the  equation. 
This  last  state  is  defined  as  an  equiUbrium.     Assuming  dissocia- 
tion of  the  various  salts  taking  part  in  the  above  reactions,  the 
equations  may  be  written  thus: 
o           +  ,              + 
Cu  +  Cu  ?=>  2  Cu     (la) 

Cu  +  2~C\  ^  C^\,    (ja) 

According  to  the  "Mass  Law."  when  equilibrium  is  attained 
between  copper,  cupric  and  cuprous  salts  in   hydrochloric  acid 

solution,  we  must  ha\e  the  following  relations: 


(cu) 


+   \2 


(cu) 


^. (lb) 

(cu  CI.,) 


(  Cu  )  (  CI  y 


(2b) 


where  the  symbols  in  brackets  denote  the  concentrations  of  the 
particular  ions.  Bodlander  and  Storbeck  determined  the  values 
of  the  constants  kj  and  k.  to  be  1.4  X  10^  and  4  X  10*  respective- 
ly, concentrations  being  taken  in  mols  (formula-weights)  per 
litre. 

The  second  part  ni  the  investigation  had  for  its  object  the 
determination  o\  the  concentration  at  the  anode  during  tlie 
electrolytic  experiments,  so  that  the  values  of  k^  and  A%  might 
be  calculated  from  these  and  compared  with  those  obtained  from 
the  equilibrium  experiment.  Fig.  1  is  a  diagram  of  the  electro- 
lytic cell  used.  It  consisted  of  two  porous  cylinders,  f ,  and  Pn. 
between  the  ebonite  discs.  E  E.  two  concentric  glass  cylinders. 
L  and  M,  also  held  between  ebonite  discs,  and  a  rotating  coi)i>cr 
anode.  .  /.  making  contact  with  a  shaft  and  holder.  H.  To  prevent 
li(|ui(l  from  entering  within  the  anode  tube,  two  ebonite  plugs 
(tlie  lower  of  these  having  a  glass  tip.  7')  were  provided  with 
threaded  holes,  so  that  they  could  be  tightened  against  the 
copper,  as  shown  in  the  diagram.  The  tube  could  therefore  be 
taken  off  the  plugs  and  weighed.  Its  area  was  about  40  stpiare 
centimetres.  .\  rubber  tube,  with  stopper.  S.  fitted  (ner  the 
upper  plug.  The  electrolyte  entering  B  passed  between  the  two 
porous  c\linders.  through  holes  in  the  center  disc.  /:.  and  the 
glass  cylinder.  .1/.  and  up  and  around  the  anode,  leaving  l)v 
means  of  the  exit  tube.  P.  The  cathode  consisted  oi  a  platinum 
gauze.  C,  attached  around  the  discs  /:.  The  different  parts  were 
cemented  together.  Cork  wedges  between  the  discs  and  the 
glass  container,  /\  prevented  atiy  lateral  motion  of  the  discs  when 
the  anode  was  set  rotating. 

.^incc  hvdrochloric  acid   containing  ;iir  in   <i.1n;i..ii   dissolves 
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copper  even  without  current,  the  solution  to  be  electrolyzed  was 
always  freed  from  air  by  exhaustion,  and  then  saturated  with 
carbon  dioxide.  Blank  experiments  showed  that  in  such  a  solu- 
tion the  copper  dissolved  only  very  slightly.  A  large  bottle  filled 
with  stock  solution  was  permanently  connected  with  a  carbon 
dioxide  generator,  and  as  the  solution  ran  out  into  the  cell,  the 
gas  took  its  place.  After  circulating  through  a  cell  once,  the 
electrolyte  passed  into  a  measuring  cylinder,  and  was  then  dis- 
carded. A  copper  coulometer  and  ammeter  were  placed  in  series 
with  the  cell.  During  the  experiment,  the  rates  of  circulation 
and  stirring  were  kept  nearly  constant,  the  average  speed  of 
rotation   being  about   1,500  per   minute   in   all    the   experiments. 


The  anode  tube  was  weighed  ])cf()rc  and  after  electrolysis  and 
the  loss  compared  with  the  gain  at  ilr,'  cathode  of  the  coulometer. 
r.y  means  of  the  measuring  cylinder  the  total  volume  of  solution. 
A'  ccm,  passed  through  the  cell  during  the  electrolysis,  was  also 
<letermined. 

It  has  been  mentioned  ahoNc  that  copper  dissolved  in  these 
solutions  with  a  valency  ranging  from  1  to  2 :  that  is  the  ratio  of 
anode  loss  to  coulometer  gain  varied  from  2  to  1.  Denoting  this 
ratio  by  1  -|-  a,  it  is  evident  that  for  everv  96540  coulombs, 
(1 — a)/2  formula-weights  cupric  salt  (CuCl._.)  and  (/  formula- 
weights  cuprous  salt  (CuCl)  would  enter  the  solution.  Hence 
the  average  concentrations  in  the  solution,  during  the  electrolysis, 
would  be  (1 — aV2\'  and  a/\'.  in  rormula-weights  (or  inols)  per 
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ccm.  That,  however,  these  would  not  be  the  same  as  the  concen- 
trations just  at  the  electrode  surface,  is  evident  from  the 
following : 

In  Fig.  2,  let  OA  represent  a  section 
of  the  electrode,  whose  area  is  S.  Let  OX 
represent  the  distance  from  the  electrode. 
It  has  been  shown  by  Nernst  and  Brunner 
that  in  a  rapidly  stirred  solution  the  dif- 
fusion is  limited  to  a  very  thin  layer  close 
to  the  electrode,  the  thickness  L  decreasing 
with  increasing  rate  of  rotation.  Outside 
this  la\-er.  the  solution  is  of  uniform  com- 


position. The  concentration  of  Cu,  for 
example,  at  the  electrode  and  in  the  solu- 
tion are  represented  by  0  C  and  B  c,  re- 
spectively. Owing  to  the  circulation  of 
the  electrolyte,  the  concentration  in  the 
solution  rapidly  attains  the  constant  value 
B  c.  and  the  distribution  of  concentra- 
tions   in    the    layer    is  given    by    the  line 

C  c.  Now  since  all  the  concentrations  remain  constant  during 
the  electrolysis,  it  is  evident  that  the  following  relation  exists 
between  0  C  and  B  c : 

T/ie  amount  of  cupric  ion  entering  the  layer  in  any  time  is  equal 
to  the  nmvint  diffusing  out  into  tlie  solution,  together  vith  the  amount 
transporicd  in  t/ie  same  time,  or 

(1 — a)  n  i  t 


{\—a)  it  D^S  t{C—r) 

'2  X  !»6r)4<)    ^  L 


2  X  OB.'ao 


where  /  ^=  current  in  amperes. 
f  =  time  in  seconds. 
D-^  =  diffusion  constant  in  cms/sec. 
n  =  transport  number  of  ion  in  the  solution. 
Since   c  =  (1— a)it/  (2  X  96540  [')  where  T  =  volume  in  cc. 
as  shown  above, 

(]—a)tt  /  1         L  (1— «\ 
\   V  D.  S  t  ) 


2  X  96540  ^  V 


It  will  also  be  observed  that  the  concentration  of  Cu  in  the 
solution   was  assumed   to  be   the  same  as  that  of  CuCl..     The 

cuprous  salt   was.  however,   present   in   the  solution   as  Cu   and 

CuCl...   the  ratio  between   these  being  determined   by   the   value 

of   the   concentration   of   C"l.   accor<ling  to   equation    (2b)    ab.n-e. 

Denoting  bv  b.  the  fraction  of  cuprous  salt  present  at  CuCl,.  and 
remembering  that  the  average  concentration  of  cujirous  salt  m 
the  solution  would  be  ait /O6540  J\  it  is  evident  that 
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P  ' abit   /    \_   .     L  (1 — m)    \  ,  , , 

~"  96540  ^  ~V  ^     D^  S  t     / ^   ' 

where  C^  =  concentration  of  CuCL  at  anode  surface 

Z?2  =^  diffusion  constant  of  CuCU  in  cms/sec. 
m  =  transport  number  of  ion  in  the  solution, 
while  the  ot'her  letters  denote  the  same  quantities  as  in   (3). 

Since  the  equilibrium  (2a)  must  hold  at  the  anode  surface  as 
at  every  other  point   in  the  solution,  it  follows  from    {2b)   that 

(   Cu )   at  the  anode,    ^     y^    (5) 

+ 
Plaving  obtained  in  this  manner  the  concentration  of  Cu  at  the 
anode,  it  remained  to  calculate  the  value  of  k^  according  to  (lb), 
by  making  use  of  equations  (3)  and  (5). 

The  values  of  Z)j,  D^  were  calculated  from  the  mobilities 
according  to  the  formulae  of  Xernst,  Abegg  and  IJose:  while  the 
value  of  L  was  determined  experimentally  by  a  separate  set  of 
measurements.  The  thickness  of  the  layer  in  \yhich  dift'usion 
took  place  was  found  to  be  about  25  X  10~'  cms,  with  the  rate 
of  rotation  used  in  this  investigation.     The  fall  in  concentration 

in  this  layer  was  found  to  be  very  great.     Thus,  in  one  ex])eri- 

+  + 
ment  with  N/200  HCI,  theconcentration  of  Cu  at  the  anode  was 
0.8  X  10-2  while  in  the  solution  it  was  0.5  X  10-^ 

The   concentrations   of  HCI   and   CuCU.   rate   of   circulation 

and  current,  were  varied  in  different  ex]:»eriments,  and  after  calcu- 

+  + 
lating  the  concentrations  of  Cu  and  Cu  at  ilie  anode  surface,  ihc 
values  of  k^  were  determined  according  to  (II)). 

With  constant  rate  of  circulation,  the  value  of  L\  was  found 
to  ])e  constant,  and  independent  of  concentrations  of  HCI  and 
CuClo,  as  well  as  of  the  current.  Hut  with  increased  rate  of 
circulation  the  value  of  k\  increased  als(t,  \arying  from  about 
0.5  X  10'  for  low  rates  to  2  X  10'  for  extremely  rapid  circulation. 
It  was  only  after  a  great  many  experiments  had  hcon  performed, 
and  apparently  useless  results  had  been  reconsidered  from  tliis 
basis  of  rate  of  circulation  during  the  electrolysis,  that  this  con- 
clusion became  evident. 

I'.ut  why  should  /v',  \ar\-  with  rate  of  circulation?  ( )ur 
initial  assumption  does  not  allow  for  an\  such  A-ariat'ion  :  A', 
should  be  a  constant  under  all  conditions.  The  only  practical 
explanation  seems  to  be  increased  oxidation  of  cuj^rous  salt  in  the 
solution  as  the  rate  of  circulation  decreased.  l""or  suppose  that 
in  those  experiments  where  llie  ciri-ulation  was  \er\-  slt^w,  the 
cuprous  salt  in  the  solution  became  oxidized:  then  the  calculated 

value  of  (  L\i )  would  be  loo  higli.  while  that  of  (  C"u  )  would  be  too 
lf)\v.  and   hence  k.   also  too  low.      (  >ii   the  other  hand,   with   verv 
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rapid   rate  of  circulalion,  there   would   not   be  any   time  for  the 

+ 

Cu   to   be   oxidized   while   in   the   cell,  and   hence   the   calculated 

would  approach  more  and  more  nearly  the  actual  values  as  the 

rate  of  circulation  increased;  that  is.  k^  would  become  more  and 

more  nearly  equal  to  the  correct  value. 

It  wdll  probably  be  possible  to  test  this  assumption  by 
electromotive  force  determinations  of  the  ratio  of  the  concentra- 

tions  of  (Cuj  and  ( Cu  )  in  the  circulated  electrolyte.  All  I  can 
state  is  that  qualitatively  the  experiments  fit  in  with  the  above 
oxidation  theory  ;  whether  there  is  also  quantitative  ag'reement 
remains  to  be  determined  b}'  the  further  work  in  which  I  am  at 
present  engaged. 

THE   DESIGN   OF   CANAL    DIVERSION    WEIRS    ON    A 
SAND  FOUNDATION. 

W.  G.  BLIGH,  M.  Inst   C.E.* 

Sand  is  proverbiall}'  an  unsuitable  material  on  which  to 
found  a  solid  structure  of  any  kind.  but.  when  this  structure  in 
addition  acts  as  a  dam  in  holding  up  water,  nine  persons  out  of 
ten  would  consider  that  its  stability  under  such  circumstances 
was  absolutely  impossible. 

Such,  however,  is  by  no  means  the  case,  and  the  object  of 
this  paper  is  to  show  the  means  adopted  to  insure  the  safety  of 
structures  such  as  river  weirs,  which  are  not  only  exposed  to 
undermining  b}-  their  foundation  being  washed  out  by  subsoil 
percolation,  but  are  also  subject  to  the  erosive  action  of  the 
powerful  current  of  a  river  in  flood,  which  completely  submerges 
the  whole  work.  Xol  having  its  base  resting  on  solid  im])crvious 
material  as  clay  or  rock,  the  masonry  of  which  the  weir  is  com- 
posed is  further  subjected  to  the  disability  of  loss  of  weight  by 
displacement,  whicb  often  amounts  to  one  half  of  its  weight  in 
air. 

\\  hen  a  dam  (if  earth,  as  a  reservoir  embankmeni.  is  thrown 
across  the  sandy  bed  of  a  stream,  leakage  will  necessarily  take 
place  beneath  the  base  of  the  dam.  With  a  low  level  of  water 
in  the  reservoir  this  leakage  may  be  ([uite  harmless,  that  is  to 
say.  the  percoFating  water  will  not  carry  with  it  any  i)articles  of 
sand:  when,  however,  the  depth  of  the  water  in  the  reservoir, 
that  is.  the  head  acting  on  the  base,  is  increased,  the  jjcrcolaling 
undercurrent  will  likewise  increase  in  v«ilume  and  velocity  and 
will  e\enluallv  convey  jiarticlcs  of  sand  along  with  it  and  so 
gradualK    undermine  the  dam. 

The  weight  of  the  dam  is  naturally  the  same  whatever  be 
the  depth  of  water  impounded,  and  further,  sand  is  practically 
incompressible,  consequently  the  imposed  l<Kid  must  be  ruled  out 

Extracts  from  an  address  delivered  before  the  KiiKineorinK  Society.  Oct    ntb.  i -->> 
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as  a  determining  factor  in  this  case.  The  real  factor  inHuencing 
the  safety  of  the  work  is  the  length  of  the  enforced  percolation. 
or  as  it  is  technically  termed  the  creep  of  the  undercurrent, 
which  is  clearly  identical  with  the  base  width  of  the  earthen 
dam.  This  length  of  percolation  must  naturally  be  some  mul- 
tiple of  the  head  of  water  acting  on  the  work,  and  if  we  can 
only  find  out  a  safe  value  for  this  multiplying  co-efficient,  suit- 
able to  the  particular  sand  under  consideration,  we  shall  be 
enabled  to  design  any  structure  on  a  sand  foundation  with 
perfect  confidence  as  regards  its  safety  with  reference  to  statical 
considerations. 

An  example  of  the  successful  construction  of  a  dam  on  a 
sand  foundation  is  that  of  the  Amani  Shah  storage  reservoir  at 
Jeypore  in  India.  This  dam  upholds  a  depth  of  over  30  ft.  of 
water.  It  is  built  of  sand  and  is  founded  on  pure  sand,  but  its 
base  width  is  exceptionally  great,  being  over  350  ft.,  i.e..  12 
times  the  head.  The  silting  up  of  the  river  bed,  which  occurred 
before  the  full  flood  level  was  reached,  increased  the  effectixe 
value  of  the  length  of  creep  by  over  100  feet,  and  thus  enabled 
the  work  to  stand  an  increased  head  of  44  feet  in  perfect 
safely.  This  dam  is  not  water  tight,  and  does  not  ])reien(l  to  be 
so,  but  the  visible  leakage  is  unimportant. 

The  natural  question  will  arise,  if  this  is  the  case.  \v\\\  are 
the  foundations  of  bridges  over  rivers,  reservoirs,  dams,  etc., 
always  carried  down  to  solid  rock  or  clay?  The  answer  is  that 
in  these  cases  it  is  cheaper  to  do  so.  As  we  shall  see  later,  the 
correct  value  of  the  requisite  base  width  will  be  from  10  to  20 
times  the  head,  consec|uently  in  case  of  a  dam  60  ft.  high 
founded  on  sand,  a  base  width  of  say  15X60^=900  feet  would  be 
necessary  for  safety.  Thus  it  would,  as  a  rule,  be  more  econ- 
omical to  adopt  a  deep  foundation.  As  regards  a  ri\er  bridge, 
isolated  piers  of  great  depth  are  generally  the  only  practicable 
and  economical  method  of  con.struction. 

Tn  large  rivers  the  bed  of  sand  is  often  of  great  dcjuh,  the 
piers  of  the  Benares  Railway  Bridge  over  the  Ganges  River  had 
to  be  sunk  over  a  hundred  and  fifty  feet  through  the  sand  before 
clay  was  met  with;  conse(|uoiitl\-.  for  a  continuous  work,  like  a 
river  weir,  a  deeji  foundation  is  an  economic  inipossibilit\-. 

The  definition  of  the  term  weir,  in  contradistinction  to  that 
of  dam.  implies  that  the  ri\  er  water  falls  over  its  crest,  whereas 
in  the  case  of  a  dam  the  surplus  flood  water  is  conveved  either 
through  the  body  of  the  wcirk.  as  in  the  case  of  the  Assuan 
Dam  in  Egypt,  or  else  its  escape  is  provided  for  by  a  specially 
built  waste  weir  distinct  from  the  dam  itself.  Weirs  built 
across  rivers,  with  sand  beds  of  great  depth,  are  invariablv  what 
are  termed  "diversion"  weirs,  that  is  to  sa\-.  their  functi(Mi  does 
not  include  that  of  the  storage  of  water,  but  is  limited  to  the 
diversion    of   a    imrtion    of   the    discharge    of   the    rixxr   down     a 
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canal  through  an  intake;  a  good  example  of  this  is  the  Calgary 
canal  head  in  Alberta. 

The  function  of  a  weir  is  to  raise  the  water  of  the  river 
when  the  latter  is  at  a  low  level,  in  order  to  pass  a  sufficient 
supply  down  the  canal.  During  flood  time,  or  whenever  the 
supply  exceeds  the  demand,  the  crest  is  topped  and  the  surplus 
water  follows  its  course  down  the  river.  Owing  to  the  sandy 
nature  of  the  bed,  which  in  part  is  carried  along  in  suspension 
during  floods,  deposit  takes  place  in  rear  of  the  weir  almost  to 
crest  level,  and  in  some  cases  even  higher,  so  that  during  low 
water  there  is  but  a  narrow  channel  from  which  supply  can  be 
drawn.  This  channel  is  artificially  conserved  by  the  adoption  of 
weir  scouring  sluices  in  close  proximity  to  the  canal  intake.  As 
canals,  when  on  sand,  mostly  take  off  at  not  more  than  2  to  5 
feet  above  river  bed  level,  and  their  full  supply  depth  seldom, 
if  ever,  exceeds  10  feet,  it  is  clear  that  the  height  of  these  sub- 
merged diversion  weirs  will  not  be  greater  than  15  feet,  the 
general  axerage  being  10  or  12  feet.  On  boulder  or  clay  forma- 
tions much  greater  heights  are  practicable. 

A  dam  is  subjected  solely  to  hj'drostatic  pressure,  but  a 
weir  f)n  the  other  hand  has  also  to  withstand  the  dynamic 
scouring  action  of  water.  The  design,  however,  is  mainly  in- 
fluenced by  hydrostatic  considerations,  for  which  alone  precise 
rules  can  be  framed,  with,  however,  this  proviso  that  the  design 
of  the  work  must  also  suit  what  may  be  termed  the  hydro- 
dynamical  side  of  the  question. 

The  following  facts  may  here  be  noted : — 

The  hydrostatic  pressure  on  a  weir  is  greatest  when  the 
head  water  stands  exactly  at  crest  level,  the  river  bed  being 
emptv  below:  when  this  occurs  the  hvdrodvnamical  forces  are 
nil. 

Again,  when  the  latter  forces  are  a  maximum,  i.e..  during 
full  flood,  the  hydrostatical  jiressure  on  the  weir  foundation  is 
at  a  minimum. 

The  hydrostatic  problem,  with  water  at  rest,  will  first  be 
considered  as  follows  : — 

I'igure  1  represents  a  pijjc  line  RC,  proceeding  from  the 
bottom   of  a   reservoir  of   water.     The   (Original   head   H  is   the 


P/Cr         I 

difference  of  levels  between  .\,  the  summit  level,  and  C.  the 
tail  water,  it  being  presumed  that  the  t)ullct  at  C  is  free  and 
unrestricted.  The  line  .\,  C  drawn  from  a  point  near  the  sum- 
mit level  to  C.  is  termed  the  hydraulic  gradient,  or  grade  line, 
and    the    hydrostatic    pressures   on    the    pipe   at    any    point     are 


so 
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measured  by  vertical  ordinates  drawn  up  to  this  line.  'I'he  dis- 
tance AA'  is  the  head  due  to  the  uniform  velocity  of  the  current 
in  the  pipe  plus  a  further  small  quantity  representing^  loss  of 
head  at  entry. 

Fig.  2  represents  a  simple  section  for  a  low  masonrv  weir, 
built  on  river  sand,  supposed,  as  is  usually  the  case,  to  be  com- 
pletely submerged  during  floods.  Such  a  work  must  necessarily 
consist  of  a  vertical  wall  of  masonry,  or  any  other  material, 
whose  function  is  to  uphold  the  water,  connected  with  which,  is 
a  horizontal  apron  of  some  description,  for  protection  against 
erosion  of  the  river  bed  by  falling  water.  In  this  particular 
case  an  impervious  masonry  floor  is  provided.  The  base  of  this 
floor  C  D,  rests  on  a  stratum  of  pure  sand.  The  vertical  wall 
holds  water  up  to  the  summit  level  H,  the  tail  level,  i.e.,  the 
original  low  water  level  of  the  river,  is  ^■•uj)])nsed  to  be  at  R,  i.e., 
coincident  with  the  floor  surface.  The  head  H  is  the  difference 
of  level  between  the  summit  and  tail  levels,  which  is  a  maximum, 
when  the  reser\-oir  le\-el  is  Hush  with  the  weir  crest.  The 
reason    for    this    is    that     when    the     water     ()vert()])s    the    crest 
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the  \elocit}-  of  the  tilm  i)assing  oxer  exceeds  thai  of  the 
tail  water  in  the  normal  channel  below,  consequently  the  rise  of 
the  tail  water  will  be  more  rapid  than  that  of  the  head  water — 
the  ratio  being  from  1  or  3  to  1.  varying  mainly  with  the  slope 
of  the  river  bed.  The  action  of  the  impounded  water  in  its 
endeavor  to  reach  its  (nvn  level,  a  property  inherent  in  liciuids, 
is  to  force  a  passage  through  the  sand  stratum  underneath  the 
impervious  floor,  ttfc  particles  of  licpiid  taking  a  cur\-cd  course, 
first  downwards  then  horizontally,  and  once  the  obstructing 
plane  is  passed,  upwards. 

The  proposition  here  presented  is  exactly  similar  to  that  in 
Fig.  1,  the  only  difiference  being  that  instead  of  the  water  being 
confined  in  a  pipe  of  a  limited  size,  it  is  confined  within  the  sand 
substratum,  being  prevented  from  rising  above  it.  The  theoretical 
velocity  due  to  the  head  of  water,  is  reduced  in  the  pipe  by 
friction  against  its  sides  to  a  smaller  constant  \elocity  right 
through  ;  in  exactly  the  same  way.  reduction,  or  neutralization  of 
head  is  effected  by  friction  in  the  passage  of  water  between  the 
particles  of  the  sand.  The  greater  the  length  of  the  confined 
passage,  the  less  will  be  the  velocity  of  the  slowly  percolating 
stream. 
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It  is  evident  that  under  similar  conditions  of  head  and  base 
length,  the  velocity  of  the  current  in  dififerent  weir  beds  must 
vary  with  the  nature  of  the  sand  stratum  in  accordance  with 
its  qualities  of  fineness  or  coarseness.  Fine  sand  will  he  closer 
in  texture,  passing  less  water  at  a  given  head  than  a  coarser 
variety,  at  the  same  time  fine  sand  will  be  disintegrated  and 
washed  oul  under  a  less  pressure.  The  problem  now  to  be 
solved  is  exidently  what  proportion  the  base  CD.  or  /.  should 
hold  to  the  head  H  in  order  to  insure  safety  from  washing  out 
or  from  what  is  technically  termed  "piping."  This  value  can  only 
be  obtained  experimentally,  that  is.  by  deduction  from  sections 
of  existing  successful  river  weirs.  Fortunately  there  are  also 
some  most  instructive  examples  of  failures  due  to  insufficient 
length  of  base,  so  that  the  safe  value  of  the  relation  of  /  to  H 
can  be  deduced  with  absolute  certainty. 

In  Fig.  2,  supposing  the  length  of  the  base  CD  or  /.  of  the 
floor  (which  clearly  must  be  some  multiple  of  //)  provides  a 
length  of  creep  or  percolation  sufficient  to  reduce  the  head,  or, 
strictly  speaking,  the  velocity  of  the  current,  to  such  propor- 
tions, as  will  just  prevent  piping.  Then  the  hypothenuse  HB 
will  represent  the  hydraulic  gradient.  This  slope  starts  from 
the  summit  level  itself,  for  this  reason,  that  the  velocity  head 
is  insignificant  and  the  loss  at  entry  is  nil.  This  gradient  is 
found  to  be  about  1  in  10  for  fine  sands  and  1  in  8  for  coarse 
sands,  and  might  be  termed  the  equilibrium  gradient.  Xow  the 
water  having  free  egress  ai  the  pnnt  I),  the  conditions  are 
identical  with  those  in  Fig.  1,  and  tlie  upward  head  of  water, 
acting  on  the  base  of  the  floor  CD  will  l)e  correctly  represented 
by  the  vertical  ordinates  of  the  figure  IICDI').  and  the  total 
pressure  l)y  the  area  IICDH. 

In  this  discussion  the  symbol  //'.  commonly  employed  to 
represent  the  unit  weight  of  water,  i.e.  the  weight  of  one  cubic 
foot,  approximately  62.5  pounds,  is  invariably  omitted.  Where 
weight  comes  under  consideration  it  is  represented  by  Volume 
Specific  Gravity,  or  l)y  l>,  the  Greek  letter  p  being  used  to  indi- 
cate Specific  Gravity,  being  ]ircferrcd  to  the  letter  G  sometimes 
emploved  for  the  same  purpose,  since  the  latter  may  p(jssibly 
be  confounded  with  the  recognized  symbol  denoting  Gravity.  In 
the  same  wav,  the  pressure  of  water  is  represented  by  //.  the 
head,  it  being  actually  of  course  HW'. 

With  regard  to  the  value  to  be  assigned  tt)  /.  in  actual  con- 
struction a  considerable  factor  of  safety  is  necessary,  so  that  tlic 
safe  \aluc  of  /  must  be  half  as  much  again  as  its  bare 
value.  If  the  floor  be  thus  increased  in  length  to  the  point 
E,  so  that  CE=1K'  CD.  the  safe  hyilraulic  gradient  will  be  HE. 
and  the  value  of  c  in  the  expression  /=(//  will  become  15.  This 
.lengthening  of  the  floor  will,  however,  have  the  eflfect  of  increas- 
ing the  upward  j^ressure  on  it  in  proportion  as  the  ordinates  of 
HCE'lt  are  greater  tlian  the  ordinates  of  HCDH.  consequently 
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there  is  a  positive  disadvantage  in  lengthening  the  impervious 
floor  beyond  what  is  necessary  to  insure  an  absolutely  safe  base 
length,  i.e.,  one  sufficient  to  prevent  disintegration  of  the  sand 
substratum  by  piping. 

Supposing  the  length  of  floor  reduced  below  the  minimum 
CD,  to  CG,  the  hydraulic  gradient  then  will  be  HG.  The  ordi- 
nates  of  the  pressure  figure  are  less  than  in  either  of  the  pre- 
ceding cases,  but  failure  will  take  place  b\'  piping,  the  floor  be- 
coming gradually  undermined,  b}-  the  sand  being  slowly  washed 
out,  the  reduction  of  the  velocity  efifected  by  friction  in  this 
shorter  length  being  insufficient  to  overcome  the  disintegrating 
horizontal  influences  of  the  current  of  water.  Two  such  cases 
have  actually  occurred  in  the  case  of  the  Chenab  and  the  [hcluni 
weirs. 

It  is  self-evident  that  the  efl^ective  weight  of  the  floor  must 
equal  or  exceed  that  of  the  upward  hydrostatic  pressure  unless 
its  construction  is  such  as  to  render  it  capable  of  resistance  to 
bending  stress.  In  the  case  of  Narora  weir  a  floor  of  insuffi- 
cient weight  has  been  known  to  stand  for  several  years,  but 
eventually,  owing  to  a  comparatively  small  increase  in  the 
upward  pressure,  it  blew  up.  Weight  in  the  floor  and  super- 
structure generally,  well  in  excess  of  the  hydrostatic  pressure, 
is  always  a  desideratum,  and  is  only  limited  by  considerations 
of  economy. 

We  have  already  seen  that  the  proportion  of  /:  H  or  the 
value  of  c,  the  expression  l=cH  varies  in  different  rivers.  River 
sands  will  be  classified  according  to  the  following  known 
qualities. 

Class  la — The  Nile  River  sands.     Coefficient  adopted  18. 

Class  1 — Fine  light  micaceous  sands  such  as  are  found  in 
rivers  taking  their  source  in  the  Himala3^as.  including  the 
Ganges,  Jumna,  Indus,  and  the  four  main  Punjab  rivers;  to  this 
class  belong  also  the  sands  of  the  Colorado  River.  Coefficient 
adopted  IS. 

Class  2 — The  coarse-grained  sands  of  the  rivers  of  Central 
India.  Madras  and  Bengal :  most  river  sands  belong  to  this  class. 
Coefficient  adopted  12. 

Class  3 — Boulder  and  sand  formation.  Coefficient  adopted 
6  to  9. 

The  coefficients  are  all  obtained  from  actual  exaniples. 

With  regard  to  hydrostatic  pressure  on  ilu'  base  the  follow- 
ing points  recjuire  notice. 

In  Fig.  2,  if  a  hole  were  bored  in  the  floor  CK'  and  a  ])ipe 
inserted,  tlie  water  would  rise  up  as  far  as  the  existing  hydraulic 
gradient  ITF.  The  head  acting  on  the  ]-)ase  CE'  at  that  point 
would  thus  be  represented  l^y  the  ordinate  of  the  figure  HCE'E. 
and  not  of  the  triangle  FIAE.  That  is.  to  what  may  be  termed- 
the  external  head  is  added  that  due  to  displacement.  To  avoid 
confusion,  the  extraneous  head  of  water  svml')olizcd  bv  Tl.  which 
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always  means  the  difference  of  levels  above  and  below  a  weir  or 
regulator,  will  be  kept  distinct  from  that  due  to  displacement  or 
immersion,  this  latter  pressure  being  allowed  for  by  reduction 
in  the  effective  weight  of  the  immersed  body.  As  is  well  known 
a  solid  material  immersed  in  water  loses  effective  or  sensible 
weight  corresponding  to  the  weight  of  water  displaced.  Thus  a 
body  whose  specific  gravity  is  p  has  a  weight  in  air  of  Vp  X  62.5 
pounds,  if  V  be  its  volume  in  cubic  feet,  but  when  immersed  in 
water  its  eff'ective  weight  is  Vip — 1)   X  62.5  pounds. 

In  the  figure  when  the  low  water  level  is  at  E  the  floor 
ACEE'  is  clearly  just  immersed,  and  the  upward  pressure  due 
to  displacement  will  be  equivalent  to  the  weight  of  water  dis- 
placed. When  the  tail  water  is  at  some  higher  level,  as  at  FF, 
the  status  as  regards  upw^ard  pressure  due  to  displacement  is  in 
no  way  altered,  the  increase  of  upward  pressure  below  the  slab, 
due  to  the  greater  depth  of  immersion,  being  compensated  for  by 
a  similar  increase  in  the  downward  pressure  upon  the  top  of 
the  slab. 

When  the  tail  water  is  at  the  level  CDE',  the  weight  of  the 
floor  is  clearly  unimpaired  by  flotation,  when  intermediate,  the 
effective  weight  of  that  portion  of  the  floor  lying  below  the  level 
has  alone  to  be  considered  as  thus  impaired. 

When  the  floor  is  built  well  above  LWL,  as  when  the 
LWL  is  at  JJ,  the  sand  substratum  being  porous,  the  water 
level  will  rise  up  to  the  base  of  the  impervious  floor  thus 
practically  reducing  the  head  from  HJ  to  HC.  The  acting  head 
therefore  cannot  be  taken  as  extending  below  the  actual  im- 
pervious base  of  the  weir,  except  as  regards  calculation  for  base 
length,  or  length  of  creep. 

In  Fig.  2  it  is  evident  that  the  value  of  /  is  in  no  way 
affected,  whatever  be  the  position  of  the  vertical  drop  wall  with 
regard  to  the  horizontal  floor.  For  instance  suppose  the  floor 
extended  backwards  to  A'  and  AA'  made  =  BE,  then  the  action 
of  the  head  of  water  is  thrown  back  from  H  to  H'  the  hydraulic 
gradient  will  be  H'B  parallel  to  HE.  and  the  statical  condition 
is  in  no  way  altered. 

This  rear  projection  is  termed  the  rcai*  apron.  Its  value 
in  design  has  only  recently  been  recognized.  The  upward 
pressure  acting  beneath  the  rear  apron  will  be  simply  that  due  to 
displacement,  and  as  the  value  of  p  for  the  materials  employed 
in  the  construction  of  the  apron  is  greater  than  unity,  this  up- 
ward pressure  due  to  flotation  is  more  than  counterbalanced  by 
the  downward  pressure  due  to  the  weight  of  the  floor.  As  the 
rear  apron  is  in  addition  free  from  the  erosive  action  of  falling 
water,  it  can  be  constructed  of  less  expensive  material  than 
the  fore  apron  or  floor.  On  the  other  hand  it  must  be 
impervious   and    must   have   a    water-tight   connection    with    the 
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weir  wall,  otherwise  the  head  may  act  between  it  and  the  weir 
wall,  thus  practically  isolating  it  from  the  rest  of  the  work. 
This  actually  occurred  in  the  case  of  Xarora  weir.  Another  weir, 
the  Chenah.  failed  by  sinkage  of  the  floor,  the  sand  base  having 
been   gradually    washed  out  by   the   undercurrent. 

Theoretically,  the  rear  apron  would  be  effective  if  only  a 
thin  impervious  layer,  but  practicall}-  it  is  considered  that  unless 
constructed  of  a  definite  weight,  water  passing  underneath  it 
would  partake  of  the  nature  of  a  surface  current  and  so  the  ai)ron 
would  not  be  effective  in  the  neutralization  of  head. 

With  weirs  of  ordinary  height,  with  a  sand  coefficient  of 
12  to  15.  and  with  a  value  of  H  \\\)  to  15  feet  the  economical 
length  of  the  rear  apron  will  not  exceed  3  to  5  //.  The  reason 
being  that  the  rear  a])ron  performs  but  one  function,  namely, 
statical,  whereas  the  fore  apron  in  addition  to  this,  acts  as  an 
anti-erosive  shield ;  consequently  material  placed  in  front  of 
the  drop  wall  is  of  greater  value  than  that  in  rear,  and  if  the 
rear  apron  is  designed  too  long  there  will  necessarily  be  excess 
material  in  the  whole  section,  which  by  a  more  economical  dis- 
tribution could  be  avoided.  The  reason  for  this  is  that  dynamical 
considerations  cannot  be  lost  sight  of  and  the  re(|uirements  to 
meet  this  second  governing  condition  demand  a  certain  mini- 
mum length  of  fore  apron  symbolised  by  L  which  is  measured 
from  the  toe  of  the  drop  wall.  This  length  consists  in  part  of 
the  masonry  floor  designed  to  meet  the  requisite  length  of  cree]). 
i.e..  for  statical  requirements,  and  when  this  length  falls  short 
of  the  minimum  the  balance  has  to  be  made  up  by  loose  stone 
rip  la])  as  a  further  protective  covering  to  the  sand.  This  latter 
poriion  is  termed  the  talus. 

The  \alue  of  /.  is  influenced  by  the  erosive  power  of  the 
current,  which  again  is  (le])endent  on  the  proportional  obstruc- 
tion afforded  by  the  weir.  i.e..  the  heig^ht  of  the  masonrv  crest 
combined  with  the  shape  of  its  i)rofile.  and  the  velocity  of  ap- 
])ronch  at  flood  times.  These  se\eral  considerations  will  deter- 
mine the  designer  as  to  what  value  will  be  suitable  for  adoption. 
iia\ii'g  due  regard  to  precedent. 

h'or  direct  overfalls  with  floor  at  L\\  L  the  value  of  L  luay  be 
taken  as  from  15  to  20  H  for  class  1.  and  12  to  16  H  for  weirs  of 
class  2.  H  in  this  case  not  being  necessarily  the  maximum 
statical  head  but  the  height  of  the  permanent  masonr\-  weir 
crest  al)ii\(.'  floor  le\el. 

'i'he  summit  le\el  in  all  modern  weirs  is  raised  bv  means 
of  collapsible  crest  shullors.  which  fall  automaticallv  in  flood 
limes,  to  a  height  varying  from  2  to  6  feet  above  the  solid 
masonry  weir  crest.  This  device  lessens  the  permanent  obstruc- 
tiiin   Im  the  iiMi-inal   ri\er  waterway. 

We  ha\e  hitherto  ben  considering  i>nl\-  a  section  which 
has  no  \ertical  dej^ressions  in  the  ba-^e  line.  The  creep  of  water 
beneath  an   inii)ervious  apron   is  kno\'n   to  hug  all   \ertical  sinu- 
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osities.  Thus  if  a  row  of  sheet  piHnj^  or  some  other  impervious 
<:urtain  were  inserted  below  the  base  CE  in  Fiy^.  2.  the  line  of 
creep  would  be  forced  down  one  side  of  the  vertical  obstruction 
and  up  the  other.  This  added  length  of  creep  is  thus  twice  the 
depth  of  the  curtain.     The  insertion  of  sheet  piling  or  otiier  form 

Jl... ^^.qll^ 
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ol  cnrtaiii-walling  i>  ihus  a  most  valuable  means  of  increasing 
the  length  of  creep  and  thus  saxing  length  in  the  expensive  hori- 
zontal apron. 

An  example  of  the  method  of  applying  the  principles 
already  enunciated  will  now  be  given  for  the  design  of  a  weir 
under  assumed   conditions,   viz.  : — 

H=\2  feet. 

River.  Class  1  with  c=\2.  Whence  /  =  f  X  //  ^  12  X 
12  =  144  feet. 

The  first  jjoint  Vo  be  decided  is  the  length  to  be  given  to 
the  rear  apron,  and  the  depth  of  the  sheet  piling,  as  it  is  i)r<> 
posed  to  adopt  a  curtain  below  the  weir  wall.  The  thickness 
of  the  fore  apron  at  the  toe  of  the  drop  wall,  which  is  the  crucial 
point  in  the  whole  design,  is  determined  bv  the  values  thus 
adopted,  for  this  reason,  that  the  unbalanced  hydrostatic  upward 
pressure  is  here  first  felt  and  the  neutralization  of  head  up  to 
this  point  should  be  sufficient  to  reduce  the  re(|uire(l  dej^th  of 
floor  to  reasonaI)le  and  economical  dimensions.  The  minimum 
average  thickness  of  the  fore  apron  is  obtained  by  the  emjiirical 

formula  T  =  \/~Tp    H"  U'^  where  /;  =  height  of  solid  masonry 

weir  in  feet  and  T  =  thickness  of  fore  apron  in  feet.  In  this 
case  T  =  i/lW-\-  1^2  =  5>S  feet  nearly. 

In  designing  these  weirs  it  is  a  great  convenience  t(,)  make 
all  dimensions  multiples  of  the  coefficient  r.  as  then  each  iniit 
represents  a  neutralization  of  one  foot  of  the  original  head.  The 
length  of  the  rear  apron  should  be  measured  back  from  the  toe 
of  the  drop  wall.  In  the  design  this  length  is  made  =  4("  ^  48 
feet.  Deducting  the  base  thickness  of  the  weir  wall,  which  is  *> 
feet,  the  actual  length  of  the  rear  apron  is  about  .V  feet.  'I'his.  if 
anything,  is  somewhat  short,  a  length  of  3'S<'  feet  would  gi\e 
better  results.  The  thickness  of  the  rear  apron,  composed  of 
puddle  covered  w  ith  stone  rip  rap.  will  be  5  feet,  it  camiot  he  less. 

Xow  wo  come  to  the  sheet  piling,  steel  or  concrete  steel. 
This  is  made  1  '  jC  or  IS  feet  in  depth.  conse(|uently  the  total 
neutralization  of  head  effected  up  to  the  toe  of  the  weir  wall  is 
(4  -f  3)   ft.  =  7  feet,  leaving  5  feet  hydrostatic  pressure  head 
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acting  here.  The  value  of  p  for  the  material  in  the  masonry  fore 
apron  will  be  taken  as  2  (a  common  low  value).  The  apron  is 
submerged,  lying  below  L.W.L.,  its  effective  weight  will  there- 
fore correspond  to  {p — 1).  Now,  as  the  efTective  weight  of  the 
floor  should  (it  is  deemed)  exceed  the  upward  pressure  by  at 
least  one-fifth,  as  a  precautionary  measure,  with  a  hydrostatic 
pressure  due  to  5  feet  of  head  the  necessary  thickness  of  masonry 
with  an  efifective  weight  corresponding  to  (p — 1)  will  be  5  +  1 
or  6  feet.  The  length  of  the  fore  apron  will  be  the  remaining 
balance  of  cH,  or  (12 — 7)c  =  5c  or  60  ft.,  and  the  terminal  thick- 
ness, theoretically  nil,  is  made  4  ft.  for  other  than  statical  reasons. 
This  ends  the  design  as  regards  statical  requirements.  For  anti- 
erosive  purposes  the  floor  will  have  to  be  continued  as  a  talus  of 
loose  stone  pitching  for  another  84  feet,  giving  a  length,  meas- 
ured from  toe  of  drop  wall,  of  12H  =  144  feet.  This,  as  we  have 
seen,  is  obtained  from  an  empirical  rule,  and  can  be  varied  as 
experience  mav  dictate.  The  minimum  length  of  fore  apron  is 
4  to  5//. 

The  graphical  method  of  design  is  shown  on  the  same 
figure  and  is  very  simple.  From  the  extremit}'  of  the  rear  apron 
the  total  requisite  base  length,  =  cH  =  12  X  12  =  144  feet  is 
set  out  to  the  point  1>.  The  line  HB  then  is  the  hydraulic 
gradient  of  1  in  12.  From  B  set  back  BC  =  vertical  portion  of 
the  base  length  =  3c  or  36  feet,  and  from  the  point  C  draw  a 
line  CD  parallel  to  HB  up  to  D.  its  intersection  with  a  continua- 
tion of  the  vertical  curtain. 

The  triangle  DAC  is  the  triangle  of  pressure. 

The  thickness  of  the  drop  wall  at  its  base  is  found  by  the  fol- 
J-f 
lowing  formula:  -        in  which  H'  is  tb.e  height  above  floor  of  the 

I   ^  '        . 

head   water  at   the  time  when  the   lail   water  is  level   with   the 

crest,  being  generally  1^  times  the  height  of  the  solid  droj) 
wall.      But    when    the    maximum     statical   head.     i.e..   to   shutter 

crest  exceeds  this,  hV  will  become  //    and  the  formula  

I   P 

We  will  now  give  another  example  o\  design  of  a  direct 
overfall  weir  with  floor  at  LWL.  \\/...  thai  of  an  alternative 
design  for  the  Chenab  weir.     The  actual  given  conditions  are  : — 

//  =  13  r  =  15.     Whence  /  must  =  13  X  15  =  195  feet. 

In  this  design  the  original  arrangement  is  followed  of  ha\ing 
the  permanent  drop  wall  of  low  elevation,  the  requisite  summit 
level  being  obtained  by  the  use  of  steel  collapsible  crest  shutters 
As  in  the  existing  work,  the  level  of  the  crest  of  the  drop  wall 
is  placed  at  seven  feet  above  extreme  low  water,  while  the 
remaining  6  feet  recjuired  to  bring  the  summit  lexel  to  RL  71'^  is 
provided  by  the  shutters.      (See  1'igurc  4.) 

The  commencement  of  the  roar  apron  is  placed  4('  ^=  60  feet 
behind  the  toe  of  the  weir  wall,  below  which  sheet  piling  \c  or  15 
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feet  in  depth  is  provided.  These  neutralize  6  feet  of  head  leaving- 
a  balance  of  13 — 6  ^  7  feet,  hence  a  farther  base  length  of  7  X  15 
=  105  has  to  be  provided  in  the  fore  apron.  This  is  too  long  for 
actual  requirements,  which  are  5  //  =  65  feet,  consequently 
another  row  of  sheet  piling  is  introduced  at  the  end  of  the  floor 
with  a  depth  of  '/zC  =  ly^  feet.  This  admits  of  the  curtailment 
of  the  floor  by  r  or  by  15  feet,  reducing  it  to  6t  or  90  feet.  There 
are  thus  two  vertical  depressions  in  the  base  line. 

The  graphical  diagram  is  s'hown  in  figure  4A.  First,  the 
total  required  base  length  or  15//  =  15  X  13  =  195  feet  is 
measured  off  from  the  commencement  of  the  rear  apron,  and  the 
hypothenuse  is  drawn  in  from  the  point  thus  obtained.  Secondly, 
the  respective  values  of  the  two  vertical  depressions  are  set  back, 
viz.,  2c  =  30  feet,  and  c  =  15  feet.  A  line  parallel  to  the 
hydraulic  gradient  is  then  drawn  from  the  first-mentioned  point 
up  to  its  intersection  with  a  vertical  throug'h  the  first  row  of 
piling.     A    second   parallel    cannot   be    drawn    from    the    second 
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point  as  the  intersection  with  the  vertical  is  at  the  same  spot, 
consequently  the  second  step  occurs  at  this  very  point.  The 
outline  of  the  pressure  area  below  the  weir  wall  is  not  a  triangle, 
as  heretofore,  but  a  trapezium.  The  value  of  p  is  here  2' 4  :  the 
thickness  of  floor  necessary  to  counterbalance  by  its  weight  the 
hydrostatic  pressure  will  thus  be  about  6  feet.  (See  figure.) 
This  thickness  is  hardly  suflicient  and  should  be  increased  to 
7  feet  at  least. 

The  rear  apron  is  composed  c)f  puddle  overlaid  with  con- 
crete slabs,  the  weir  wall  is  of  concrete,  the  fore  apron  is  of 
concrete  slabs  laid  on  a  slope,  breaking  joint,  subsequentiv 
cement  grouted.  This  is  a  novel  hut  economical  method  of 
subaqueous  construction,  and  was  first  adopted  at  the  Colombo 
breakwater. 

This  design  would,  (it  is  now  considered),  be  improved  bv 
increasing  the  length  of  the  rear  apron  from  4<-  to  5('.  and  cor- 
respondingly reducing  the  fore  apron  to  }^c  or  7^  feet,  the  thick- 
ness could  then  remain  as  it  is  in  the  drawing.  This  example  is 
useful  as  showing  the  ease  with  which  the  design  can  be  altered 
by  manipulation  of  the  length  of  the  rear  apron  and  depth  of 
rear  curtain,  till  the  most  economical  arrangement  is  arrived  at. 
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During'  the  past  years  the  growth  of  the  Facult}-  of  .Xjjplied 
Science  and  Engineering  has  been  very  rapid  indeed,  and  as  is 
common  in  such  cases,  the  increase  in  accommodation  has  not 
kept  pace  with  the  increase  in  the  attendance.  On  this  account 
the  buildings  have  been  overcrowded  in  every  way  and  the  conse- 
quent pressure  has  become  very  great. 

This  pressure  has  been  felt  very  greatly  in  the  Thermo- 
dynamic and  Hydraulic  laboratories,  where,  partly  on  account 
of  the  somewhat  rapid  development  of  steam  and  gas  plants  and 
the  desire  on  the  part  of  Canadians  to  develop  their  water- 
powers,  and  ])artly  because  of  the  growth  of  the  Facultv.  the 
attendance  has  increased  rajiidly  from  year  to  vear.  To  meet 
the  increased  demands  new  apparatus  has  from  time  to  time 
been  installed  until  the  available  space  has  been  used  up,  and 
the  crowding  has  caused  complications  to  arise  between  the  two 
laboratories,  making  the  work  difficult.  Tt  has  also  been  impossi- 
ble to  give  any  work  in  these  laboratories  to  the  Third  >'ear 
students,  so  that  they  have  been  unable  to  follow  ui^  the  lecture 
work  with  experiments  which  would  illustrate  the  points  brought 
out.  To  overcome  these  defects  the  new  laboratories  are  beinsi" 
built. 

The  new  building,  known  on  the  architcci's  jilans  as  the 
Thermodynamics  Building,  contains  a  'JliernKKhnamic  labora- 
tory, an  Hydraulic  laboratory,  a  boiler  room,  some  private  rooms 
for  the  staff  and  study  and  work  rooms  for  the  students. 

The  building  faces  the  west  and  the  frc^it  pari  of  it,  onlv  a 
portion  of  which  is  now  being  erected,  will  contain  in  the  base- 
ment students'  rooms  and  a  machine-shoji.  and  on  the  upper  tloors 
the  ofifices  and  study  rooms  connected  with  the  work.  This 
section  of  the  building  is  the  only  part  not  now  being  completed. 

On  the  south  side  of  the  building  is  ihc  Thcrmodvnamic 
laboratory,  ouq  storey  high.  co\-ering  a  space  1,^.^  feel  1)\-  ()(^  feel. 
the  light  all  being  obtained  from  the  roof.  This  laboratorv. 
which  is  high  and  airy,  is  divided  into  two  parts,  one  (^f  which 
is  40  feet  wide  and  runs  llie  full  length  of  ihe  building.  In  this 
part  all  the  steam  and  gas  engines  will  be  installed  as  well  as 
some  other  machines,  and  the  whole  area  will  lie  served  b\-  a 
travelling  crane  -40  feet  long  running  from  end  to  end  of  the 
building.  This  section  is  to  contain  a  triple-expansion  engine, 
simple  and  compound  engines  of  various  types,  an  air  com- 
pressor, steam  turbines.  a])paratus  for  testing  injectors,  indi- 
cators,  etc..   gas   and    oil    engines    of    \arious     ty]ies   and    other 
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apparatus  of  similar  nature.  Most  of  this  apparatus  will  he  ])ut 
in  as  soon  as  the  huilding  is  completed.  The  other  part  <jf  the 
laboratory,  which  is  20  feet  by  135  feet,  is  partly  taken  up  bv 
the  goods  entrance  but  mainly  by  small  laboratory  rooms  about 
15  feet  by  20  feet  each.  It  is  intended  to  equip  these  rooms  with 
such  apparatus  as  a  refrigerating  machine,  air  brake  apparatus, 
a  suction  gas  ])lant,  valve  setting  engines,  apparatus  for  testing 
the  value  of  lubricants,  etc.,  and  they  are  so  arranged  that  tliey 
will  accommodate  a  small  number  of  students  who  will  be  able 
to  carry  out  experiments  and  l)e  comparative! v  free  from  the 
noise  and  steam  of  the  main  ])art  of  the  laboratorv.  These 
rooms  have  brick  walls  on  three  sides  and  o])en  ofT  the  main 
steam  laboratory  by  means  of  doors  in  a  glass  ])artition. 

To  the  east  of  the  Thermodynamic  laboratorv  and  at  the 
back  of  the  building  is  the  boiler  room,  45  leet  dv  70  feet,  which 
is  also  lighted  from  the  roof.  This  room  will  contain  four 
boilers,  three  of  which  are  now  being  installed  and  which  are 
capable  of  running  at  a  pressure  of  200  pounds  per  s(|uare  inch. 
One  of  the  boilers  is  also  arranged  with  a  superheater.  These 
boilers  will  be  so  piped  up  to  the  engines  that  complete  engine 
and  boiler  tests  may  be  made.  The  room  also  contains  two 
chimneys  specially  arranged  for  the  study  of  problems  connected 
with  chimney  draft  and  capacity,  and  the  necessary  pumps  and 
other  apparatus.  The  boilers  in  this  room  are  exclusively 
arranged  for  ex])crimcntal  work  and  are  not  used  for  regular 
service  work. 

The  Hydraulic  laboratory  occupies  the  northern  side  of  the 
building  and  this  part  contains  three  floors,  the  lower  two  of 
which  are  for  the  hydraulic  laboratory  and  the  upper  one  for 
study  rooms.  Each  of  the  floors  of  the  hydraulic  laboratorv  is 
40  feet  b}-  112  feet,  the  distance  between  floors  being  18  feet  and 
15  feet  respectively,  so  that  the  rooms  will  be  well  ventilated  and 
give  good  head  room.  This  laboratory  is  lighted  from  the  north 
and  east  sides  1)\-  large  windows  running  through  the  two 
Storeys  which  occu]jy  about  three-fourths  of  the  entire  wall 
space. 

The  main  or  upjicr  floor  of  the  Hydraulic  laboratorv  will 
cr)niain  a  large  weir  lank  cai)able  of  measuring  six  cubic  feet  per 
secoufl.  reaction  turbines,  im|)ulse  turbines  and  necessar\-  tanks, 
orifice  and  weir  tanks,  various  water  meters,  centrifugal  pumps, 
apparatus  for  measuring  the  fricti(Mi  of  water  in  pipes  and  hose, 
apparatus  for  the  use  of  Pitot  tubes,  etc.  .\  large  pressure  tank 
running  through  the  two  floors  and  up  into  the  roof  discharges 
into  the  large  weir  tank. 

I^ie  lower  floor  is  largely  (pccupied  by  the  measuring  tanks 
and  the  pumps  and  engine  for  driving  the  latter.  The  pumps 
are  high-lift  turbine  pumps  specially  arranged  to  give  great  flexi- 
bility for  the  purpose  of  laboratorv  work.  In  addition  to  the 
above  there  will  be  an  open  tnnigh  5  feet  wide.  4  feet  deep  and 
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running  the  full  length  of  the  building,  with  a  weir  at  the  end.  in 
which  experiments  on  current  meters  and  other  apparatus  may 
be  made. 

In  designing  the  laboratories,  care  has  been  taken  to  provide 
for  proper  light  and  air,  to  arrange  for  the  convenient  handling 
of  all  apparatus,  and  to  accommodate  comparatively  large  classes 
of  students.  With  this  in  view  the  arrangement  will  permit  of 
the  use  of  almost  every  piece  of  apparatus  in  the  building  at  the 
same  time  and  without  interference  of  the  experiments  one  with 
another.  An  endeavor  has  also  been  made  so  to  arrange  the 
apparatus  that  pieces  especially  adapted  for  research  work  may 
be  continuously  available  in  order  that  the  work  may  be  well 
carried  out. 

At  a  later  date  a  more  complete  description  with  plans  and 
drawings  will  be  given. 
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E'ditorial 

"Occa.-^ionally  a  man  conie.^  into  the  fruition  of  his  Htc  work 
while  there  is  yet  time  to  make  it  complete  in  the  .^^tinuilaiins  joy 
of  appreciative  recognition. "  This  a|)plies 
Dean  Galbraith  with  special  force  in  the  case  of  Dean 
Galbraith.  Largely  through  his  initiative  and 
untiriiiL;  eiier-v.  the  present  p-aculty  of  Applied  Science  of  the 
University  has  developed  from  a  very  humble  beginning  to 
almost  a  commanding  position  among  the  Faculties.  It  will 
ever  remain  a  fitting  monument  to  his  honor  and  to  his  meniorv. 

To  few  men  has  the  privilege  and  power  been  given  to  so 
indeliblv  stamp  his  impress  upon  those  with  whom  he  came  in 
contact.'  The  onlv  regret  is  that  the  increasing  growth  of  the 
School    renders    it'    impossible    ior    undergraduates    to    come    m 
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personal  touch  w  ith  the  Dean,  as  was  the  case  in  less  ])r()S])erovis 
days. 

It  was  with  considerable  pleasure  that  the  graduate  and 
undergraduate  bodies  united  to  present  his  portrait  to  the 
University  to  show  their  appreciation  of  him.  It  is  the  earnest 
wish  of  all  that  he  may  be  long'  spared  to  continue  the  work  he 
has  so  ably  planned  and  carried  on  to  its  present  successful  issue. 

I'rof.  George  R.  AJickle,  who  has  been  with  the  School  of 
Practical  Science  for  fourteen  years,  first  as  Lecturer  and  later 
as  Professor  of  Mining,  resigned  last  sum- 
Prof.  G.  R.  Mickle  mer  to  give  his  whole  time  to  his  w(irk 
with  the  Government.  Ever  .since  the  earlv 
days  of  Cobalt,  I'rof.  Mickle  has  been  a  prominent  figure  in  that 
district  as  an  ofiicial  of  the  Ontario  Bureau  of  Mines,  as  the  first 
Inspector  of  Claims,  later  as  the  Head  Inspector  of  Claims  and 
for  the  past  year  as  Mine  Assessor.  He  is  a  Canadian,  born  at 
Guelph,  educated  at  l'i:)per  Canada  College  and  the  Universit}^ 
of  Toronto,  where  he  took  honours  in  Classics.  On  receiving 
his  B.A.  he  took  the  general  engineering  course  at  the  S.  P.  S.. 
graduating  in  1888,  and  then  spent  two  years  in  post-graduate 
work  at  P'reiberg.  Returning  to  Canada,  he  practised  his  ])n)- 
fession  as  a  Mining  Engineer  for  several  years  at  Sudburw  Ik- 
was  a])])<)inted  Lecturer  in  Mining  at  the  S.  I'.  S.  in  1894,  and 
Professor  of  Mining  in  the  University  of  Toronto  in  1905.  His 
summers  were  spent  in  the  field  in  mining  and  exploration  work 
in  liritish  Columbia,  on  lludson's  liay  and  in  other  i)arts  of 
Canada  and  the  States  until  1904,  since  wdien  he  has  been  with 
the  P)ureau  of  Mines.  As  Inspector  of  Claims  he  had  in  bear 
the  burden  of  the  difficulties  encountered  in  the  enforcement  of 
the  inspection  clause  which  was  so  rigidly  carried  dul  in  the 
Cobalt  area  and  which  ])layed  so  important  a  ])art  in  the  loca- 
tions of  that  district.  .\s  the  area  increased  and  a  large  iiumber 
of  inspectors  were  emploved.  Prof.  Mickle  was  placed  in  general 
charge  of  their  work.  lughteen  months  ago  he  was  ai)i)ointed 
Mine  Assessor  and  after  carrving  on  this  work  joiniK-  with  his 
University  work  for  one  \ear,  this  work  clainuMl  all  his  lime  and 
he  resigned  his  position  as  Professor.  1 U'  is  the  second  pro- 
fessor to  join  the  I'.ureau  of  Mines.  I  )r.  .Miller,  tlie  Provincial 
Geologist,  was  also  won  from  the  academic  life,  he  haxing  been 
Professor  of  Mining  at  Queen's  for  some  ten  \ears.  Conditions 
ha\'e  not  permitted  such  an  extensixe  growth  in  the  Mining 
dejiartment  of  the  Universitv  as  for  example  in  the  Mechanical 
and  I'dectrical  departments,  but  Pri.f.  Mickle  has  built  a  splendid 
foun<lation  for  metallurgv  and  for  mining.  The  laboratories  in 
these  departments,  though  not  so  heavih-  ecpiii^ped  as  others  of 
older  growth,  will  hold  their  own  with  anv  in  the  Dominion 
in  the  possibilities  of  their  teaching  functions.  The  foundation 
is  laid  down  on  safe  and  broad  lines  and  competent  judges  have 
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expressed  their  satisfaction  at  the  unselfish,  broad-minded  \va-- 
in  which  these  were  laid,  the  funds  available  being  spent  entirely 
on  fundamental  essentials  that  often  lent  no  outward  lustre  to 
his  department  but  which  meant  much  for  the  future.  His 
career  in  the  S.  P.  S.  was  marked  by  sterling  loyalty  and  this 
same  spirit  has  characterized  his  work  in  the  field.  The  Govern- 
ment Department  of  Mines  has  given  him  the  most  difficult 
positions  in  their  work  ;  positions  that  require  the  most  careful 
judgment,  where  decisions  must  be  rendered  that  must  be  un- 
assailable not  only  in  their  knowledge  of  mining  but  in  their 
absolute  fairness  and  impartiality.  Had  Prof.  Mickle  not  left 
the  academic  life  the  Government  would  have  been  hard  put  to 
it  to  have  found  a  man  to  fill  his  place  in  the  field,  and  if  the 
School  has  lost  a  valued  colleague  and  friend,  the  Government 
and  the  field  have  gained  a  man  whom  most  men  like  and  whom 
everybody  respects  and  admires.  He  is  still  in  Ontario  and  will 
often  be  consulted  in  the  policy  of  the  School. 

H.  E.  T.  Haultain  is  a  Canadian  by  education  and  adoption. 
He  was  born  in  T.righton,  England,  in  1869,  but  was  taken  from 
England  when  only  three  months  old.  He 
H.  E.  T.  Haultain  was  educated  at  the  Public  School  and  Col- 
legiate Institute  at  Peterborough.  Ontario, 
and  graduated  in  the  regular  course  in  Civil  Engineering  at  the 
School  of  Practical  Science  in  1889.  He  was  ijrizcman  in  his 
first  year,  secretary-treasurer  of  the  Engineering  Society  in  his 
second  and  president  of  the  Engineering  Society  in  his  third, 
being  the  first  student  president,  succeeding  Prof.  Galbraith. 
Avho  had  been  president  during  the  first  years  of  the  Society. 

(  )n  graduating  he  went  to  England  and  joined  a  mining 
engineer  in  I^ondon  practically  under  the  English  form  of 
pupillage,  and  was  sent  by  him  in  charge  of  small  operations 
in  the  South  of  Ireland,  and  afterwards  to  the  St.  Mauritius  tin 
mines  in  P>ohemia.  While  here  he  designed  and  o])crated  the  first 
electric  mining  hoist  on  the  Continent  of  Europe  (end  of  18*X)). 
He  subseciuently  took  post-graduate  work,  first  in  London  and 
then  at  hVciberg.  and  in  18*>3  joined  the  late  Maurice  llucko  in 
British  Columbia  and  has  been  engaged  in  mining  work  ever 
since,  in  British  Columbia.  South  .Africa  and  several  of  the 
Western  States.  He  returned  to  Ontario  in  KX)5  to  take  charge 
of  the  Canada  Corundum  Co.'s  works  at  Craigmont.  His 
specialtv  is  the  mechancial  treatment  of  ores  but  from  the 
academic  point  of  view  his  imjiortant  specialty  is  the  variety  of 
his  experience.  He  has  held  all  positions  from  that  of  laborer 
with  pick  and  shovel  to  that  of  general  manager.  He  has 
worked  all  over  the  world  in  ores  n\  tin.  copper,  silver,  gold.  lead, 
zinc  and  corundum.  Tic  has  alwavs  maintained  ;i  high  pro- 
fessi<mal  tone  and  of  late  has  taken  an  aggressive  public  attitude 
against  the  wild-catting  in   \orthern  Ontario,     lie  is  a  membc 


4  APPLIED  SCIENXE 

of  the  two  English  exclusive  technical  societies,  being  an  Asso- 
ciate Member  of  the  Institution  of  Civil  Engineers  and  a  Member 
of  the  Institution  of  Mining  and  Metallurgy.  He  is  a  Member  of 
the  Canadian  Society  of  Civil  Engineers  and  a  Member  of 
Council  of  the  Canadian  Mining  Institute  and  holds  the  degree 
of  C.  E.  of  the  University  of  Toronto.  His  appointment  to  the 
only  chair  of  Mining  Engineering  in  this  University  Vv'as  con- 
firmed on  October  8th  last  under  the  title  of  Associate  Professor. 

When  asked  why  he  deserted  the  field  for  the  academic 
life,  he  replies  that  he  has  not  entirely  deserted  the  field,  that 
he  hopes  there  is  room  for  both  academic  and  field  work  and 
quotes  from  Sir  Alexander  Kennedy's  presidential  address  to 
the  Institution  of  Civil  Engineers: 

"It  has  been,  no  doubt,  a  source  of  regret  to  man}-,  as  it  is 
to  myself,  that  as  years  go  on  and  experience  accumulates,  one's 
work  conies  always  more  and  more  to  deal  with  men  and  mat- 
ters, with  general  schemes  and  methods,  even  with  financial 
means  and  possibilities,  and  less  with  the  directly  mechanical 
problems  which  fascinated  us  when  we  were  younger,  and  for 
the  sake  of  which — p»-obably — we  took  to  engineering  at  all 
in  the  first  instance." 


"The  resignation  of  Professor  George  R.  Mickle  from  the 
Professorship  of  Mining  in  the  Faculty  of  Applied  Science  of 
Toronto  University,  in  order  to  more  closely  identify  himself 
with  the  provincial  administration  of  the  mining  industry,  has 
made  it  possible  for  his  successor  to  be  Mr.  H.  E.  T.  Haultain, 
a  thoroughly  equipped,  admirably-poised,  versatile,  British  born, 
Canadian  bred  and  cultured,  engineer.  To  succeed  Professor 
Mickle,  who  enjoys  the  respect  and  confidence  of  higher  educa- 
tional authorities  and  mining  scientists,  is  in  itself  an  honor. 
Had  Mr.  Haultain  not  been  what  he  is  the  selection  might  have 
brought  to  him  the  onerous  task  of  nieasuring  attainments  with 
his  predecessor.  It  is  such  exchanges,  in  which  the  Ontario 
Ministry  and  Toronto  I'^niversity  Faculty  have  been  ha])pily 
fortunate,  which  gi\e  substance  to  the  expectation  that  the 
mining  sciences  of  Canada  are  to  be  exalted  bevond  mercenaries." 
— The   Mining  Journal    (London). 


It  is  felt  throughout  the  undergraduate  body  in  Applied 
Science  that  more  adequate  provision  should  be  made  for  those 

who  desire  to  follow  u])  their  regular  course 
The  Demand  for  by  an  additional  A-ear  on  research  work.  Of 
Research  Work        course   under    the   conditions    now    existing 

with  i^rcscnt  equipment,  post-graduate  work 
in  many  of  the  courses  is  impossible.  I'm  this  is  not  true  of 
the  mining  and  chemical  ct)urses,  and  no  doubt  much  good  work 
might  be  done  in  many  of  the  other  departments. 


APPLIED  SCIENCE  5 

What,  then,  deters  the  men  who  may  be  desirous  of  extend- 
ing their  knowledge  of  any  particular  branch,  from  putting  in 
an  extra  session's  work?  Granting  that  work  could  be  done  in 
the  laboratories  if  such  were  requested,  why  is  there  no  desire 
on  the  part  of  the  graduates  to  continue  investigations  they  may 
have  begun?  Xo  doubt  such  desire  on  the  part  of  the  graduates 
does  exist,  but  certain  factors  must  be  changed  before  there  will 
be  visible  expression  of  that  desire.  Xo  incentive  now  exists 
for  a  man  to  take  up  post-graduate  work  except  his  own  interest 
in  the  investigations,  and  while  this  should  be  of  paramount 
importance,  still  there  must  be  some  other  goal  in  sight  than  the 
mere  feeling  of  having  thrown  some  new  light  on  an  old  subject. 

It  is  not  intended  to  criticize  present  conditions,  for  it  is 
understood  that  what  at  present  exists  is  a  result  of  past  policies, 
but  these  observations  are  now  offered  in  the  light  of  the  fact 
that  the  four  year  course  will  soon  be  an  accomplished  fact  and 
as  an  expression  of  a  strong  sentiment  among  the  graduates  that 
something  must  be  done  in  the  immediate  future. 

Under  the  new  regime,  a  strong  interfaculty  spirit  is  being 
developed  throughout  the  University  which  is  tending  towards 
a  sympathy  of  action  and  a  unity  of  aim  and  purpose,  and  is 
gradually  eliminating  any  sectional  prejudices  which  may  have 
heretofore  existed. 

If  this  feeling  is  to  be  fostered,  there  must  be  just  and  ec|ual 
treatment  to  all,  and  this  treatment  may  have  to  be  granted 
perhaps  at  the  expense  of  traditional  rights  and  privileges. 

A  comparison  with  what  is  done  towards  rewarding  a  man 
for  additional  or  post-graduate  work,  in  other  faculties,  with 
what  is  done  at  the  School,  will  be  instruc- 
Aids  to  Research  in  tive.  In  the  Arts  faculty,  a  man  who  has 
Other  Faculties  shown  capacity  for  original  work  may  be 
granted  a  fellowship  with  a  salary  of  $500. 
At  the  same  time  while  holding  this  fellowship  he  is  allowed 
to  take  a  prescribed  course  of  work,  including  lectures,  and  write 
off  an  examination  leading  to  the  degree  of  Master  of  Arts. 
And  if  he  shows  exceptional  ability  he  is  permitted  to  hold  the 
fellowship  for  two  more  years  and  proceed  to  the  degree  of 
Doctor  of  Philosophy,  during  all  this  time  following  a  course  of 
lectures  laid  down  by  the   University. 

For  many  reasons  this  is  impossible  for  a  graduate  of 
Applied  Science  to  do.     First,  his  whole  time  is  rcciuired  of  him 

for  the  accomplishment  of  the  academic 
Disabilities  for  work  allotted  to  him.  and  again   no  lecture 

Research  Work  in  courses  in  the  University  whicli  deal  with 
Applied  Science        his  work,  are  arranged  ior.     Even  supposing 

he  were  allowed  a  portion  of  time  for  work 
ollur  than  that  allotted  to  him.  still  he  would  have  no  reason 
for    t. .Ildwing   up   a   subject   of   interest   to  him   other   than    the 
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pleasure  he  might  derive  from  his  work.  It  is  true  that  the 
degree  of  Doctor  of  Philosophy  is  now  nominally  open  to 
graduates  in  Applied  Science,  but  it  is  also  true  that  in  the  list 
of  subjects  and  courses  givfu,  there  is  absolutely  nothing  which 
is  either  of  interest  to  them  or  which  has  the  slightest  bearing 
on  their  work.  A  glance  at  the  list  given  in  the  University 
Calendar  will  satisfy  anyone  on  this  point,  it  ma}-  be  said  that 
provision  is  made  for  at  least  the  mining  and  chemical  men  in 
the  Ph.D.  work,  but  these  departments  include  an  exceedingly 
small  portion  of  those  in  attendance  and  no  provision  wdiatever 
is  attempted  for  the  Civil,  Mechanical  or  Electrical  men.  Even 
the  work  which  the  miners  and  chemists  might  take  does  not 
approacli   the   end   aimed   at,   in   their  case. 

Another  point  of  interest   in   connection    with   the   work   in 
the   Eaculty  is  the  lack  of  scholarships.     It  is  appreciated  that 
new  conditions  have  arisen  since  the  closer 
Lack  of  union  of  S.   P.   S.   with   the  Universitv.  but 

Scholarships  the  graduates  feel  that  these  new  conditions 

require  in  turn  a  rearrangeuient  of  the  old 
traditions  and  this  rearrangement  will  not  come  until  it  is  shown 
that  it  is  re(|uired. 

In  looking  over  the  regulations  respecting  scholarships,  one 
is   struck    by   a   statement   made    the  re,    that    all    undergraduate 

scholars  must  sign  a  declaration  of  intention 
Disabilities  of  to  proceed  to  a  degree  in  Arts  in  the  Cniver- 

Applied  Science        sity,    before   a   scholarshij)    will    l)e    granted. 

Surelv  a  man  holding  a  mathematical  scholar- 
ship should  be  allowed  the  option  of  a  course  in  the  b\'icultv  of 
Api)lied  .Science,  for  it  is  here  the  mathematical  men  nalurallv 
gravitate. 

.\gaiu.  the  1.S31    Exhibition  Science   Research  Scholarship  of 
an    annual    \alue   of  $750   is   awardetl   each    alternate   year   to   a 
L'niversity     graduate.       L'nder    the     general 
1851   Science  regulations  governing  this  scholarship,  it  is 

Scholarship  stated     that     the     scholarship     is     intended    to 

enable  graduates  to  continue  the  prosecution 
of  science  in  its  application  to  the  industries  of  the  connlry. 
Naturally,  llien.  this  scholarshij)  should  be  given  to  the  I'aculty 
of  .\])plie(l  Science.  In  the  last  ten  years,  this  scholarshi]-*  has 
been  taken  by  students  of  the  Engineering  l-'aculty  at  McCiill. 
But  here  we  do  not  e\en  find  the  scholarship  listed  in  the  Applied 
Science  !''aculty  Calendar,  but  placed  in  the  Arts  C'alendar.  How- 
ever, in  ilie  Senate  regulations,  it  is  shown  to  be  open  to  I'.ngi- 
neering  students.  P.ut  let  us  look  at  the  last  award.  East  vear 
the  scholarship  was  won  by  a  thesis  entitled  "On  \'ariations  in 
the  Conductivity  of  Air  bjiclosed  in  Metallic  Receivers."  and 
■■(  )n  an   1  ni])rovenu'ni   in  tbe  Determination  of  \'isibllity  Curves" 
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— physical  researches  171  pure  science.  At  the  same  time  were 
entered  two  theses  from  Engineering  students  and  one  of  these 
was  on  "tlie  Discovery  of  a  New  Process  of  treating  Cobalt 
Ores."  Xo  doubt  from  a  pure  science  standpoint  the  first  rightly 
won  the  scholarshij).  ])ul  considering  the  intention  for  which 
the  grant  was  made,  as  an  incentive  for  research  of  an  industrial 
nature,  the  second  certainly  merited  consideration. 

In   the   light   of  the   above   facts,    what   changes   should    be 
suggested?     It  is  the  opinion  of  many  of  the  graduates  that  post- 
graduate work  should  be  allowed  men   who 
Conclusions  are   holding  fellowships,  and   a  new   Master 

of  Science  degree  established,  to  be  granted 
after  a  year's  post-graduate  work  and  under  the  same  conditions 
as  the  M.A.  degree;  that  the  Ph.D.  degree  be  made  applicable  to 
Applied  Science  graduates:  that  the  1851  Science  Scholarship  be 
handed  over  to  the  l-"acully  of  Applied  Science,  or  at  least  the 
intention  of  the  founders  of  the  scholarship  be  more  rigidly 
adhered  to,  in  the  consideration  of  the  subjects  for  theses. 


NOTICE— PRIZES   OFFERED 

To  stimulate  the  interest  of  undergraduates,  a  prize  of  $10 
in  books  is  offered  in  each  section  for  the  best  paper  ])resented 
for  pttblication  in  "A])plied  Science."  such  papers  to  l)e  a\-ailable 
for  sectional  meetings  if  required. 


THE  ENGINEERING  SOCIETY— OCTOBER 

As  usual,  the  tirsl  week  or  two  were  niarke>l  by  \ery  heavy 
work  ill  the  suppl}-  department.  This  year  sees  prices  down 
practically  to  cost  and  the  gain  to  the  student  body  has  been  verv 
material.  That  this  was  realized  was  shown  by  the  very  hea\v 
purchasing  in  the  supply  department. 

The  first  general  meeting  of  the  Society  was  held  (  )ctober 
7th  in  the  large  lecture  hall  of  the  new  Physics  lUiilding.  Dean 
Galbraith  was  warmly  received  by  the  men  as  he  delivered  an 
informal  ojjening  address.  The  j)aper  of  the  evening  was  |)re- 
sented  by  \\'.  (1.  lUigh.  C.E..  of  the  Indian  Government  Service, 
on  "The  Design  of  Canal  Diversion  \\  eirs  on  a  Sand  l'"ounda- 
liiiii."  Mr.  lUigh's  address  i)roved  to  be  of  special  value  to  those 
of  the  men  who  are  specializing  on  hydraulic  work,  as  well  as 
of  general  interest  to  all.  Several  elections  were  necessitated  bv 
the  non-return  of  three  officers  of  the  Engineering  Society. 
These  resulted  in  the  election  of  .Mr.  A.  R.  DutT.  vice-president 
of  Chemists"  and  .Miners'  Section:  Mr.  !•'.  M.  Moodv.  'OS.  record- 
ing secretarx  :  Mr.  S.  S.  Gear.  I-'ourth  Year  representative:  and 
.Mr.    I.,    v..   Jones,    j-'irst    Year  rci)resentative. 

()wing  to  the  special  convocation  of  ( >ctober  Jlst  to  confer 
the    (k-i-ree    of    L.l-.D.    « >n    I'.arl    Roberts    and    Lord    Milncr.     the 


8  APPLIED  SCIE.XCE 

regular  sectional  meetings  of  the  Society  were  postponed  until 
October  28th.  The  Civil  and  Mechanical  Sections  combined  to 
listen  to  a  most  interesting  address  by  Rev.  Dr.  Crummy.  B.Sc, 
D.D.,  on  "General  Engineering  Development  in  Japan."  Dr. 
Crummy,  having  spent  a  number  of  years  in  Japan,  was  able  to 
point  out  many  features  of  engineering  which  were  instructive 
and  in  numerous  instances  highly  hum.orous. 

Following  Rev.  Dr.  Crummy's  address,  a  paper  prepared 
by  Mr.  S.  S.  Gear,  '08,  on  the  "Lackawanna  Steel  Works,"  proved 
of  great  interest  to  the  men.  Plans  of  the  works  prepared  the 
men  to  quite  an  extent  for  the  visit  to  the  works  on  the  annual 
excursion. 

The  sectional  meeting  of  the  Chemical  Section  was  addressed 
by  Dean  Galbraith  on  "Steel  Manufacture."  This  address  was 
listened  to  with  intense  interest  by  a  large  body  of  the  men  in 
anticipation  of  the  excursion. 

On  Saturday,  October  31st,  what  was  probably  one  of  the 
best  annual  excursions  held  by  the  School  ran  to  Buffalo,  some 
two  hundred  and  fifty  men  turning  out.  The  excursion  was 
accompanied  by  Dean  Galbraith,  Prof.  Wright.  Prof.  Bain,  and 
several  other  members  of  the  Faculty,  and  their  co-operation  as 
leaders  of  parties  contributed  largely  to  the  success  of  the  day. 
The  reception  accorded  in  Buffalo  could  not  have  been  more 
cordial.  The  City  Council  very  kindly  granted  permission  to 
inspect  the  fire  tugs,  harbor  and  other  interesting  points,  and 
the  City  Engineer  did  all  in  his  power  to  make  the  visit  profitable. 
At  the  Lackawanna  Steel  Works.  Mr.  Sheddon.  general  manager, 
and  Mr.  Davis,  Chief  of  Police,  gave  ever}'  opportunitv  to  the 
men  of  inspecting  the  various  processes  and  operations.  The 
hearty  thanks  of  the  Society  is  due  especially  to  Mr.  Davis  for 
his  personal  efforts  in  supervising  the  arrangement  of  the  various 
groups  and  sections. 

We  are  pleased  to  note,  just  before  going  to  press,  the 
enthusiastic  meeting  of  the  Engineering  Society  on  Wednesday 
evening,  November  4th.  in  Convocation  Hall.  The  occasion  was 
the  presentation  of  a  portrait  of  Dean  Galbraith  to  the  Board  of 
Governors  of  the  University  by  the  undergraduates  and  graduates 
in  Engineering  of  the  l^niversity  and  S.  P.  S.  The  presentation 
was  made  by  E.  W.  Stern,  '84,  New  York,  one  of  the  School's 
earliest  and  most  distinguished  graduates,  and  the  portrait  was 
received  on  behalf  of  the  Governors  by  Dr.  John  Hoskin.  Presi- 
dent Falconer..  Dr.  Ellis  and  Prof.  Haultain  all  spoke  in  a  hajipy 
strain.  The  Dean  received  an  ovation  on  rising  to  speak,  making 
a  characteristic  and  witty  address.  The  portrait  is  by  T-  ^^  •  L- 
Forster.  who  has  expressed  most  faithfully  the  personality  of  his 
subject.     A  more  extended  account  is  reserved  for  next  issue. 
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WHAT   THE   GRADUATES  ARE   DOING 

Mr.  W.  J.  Francis,  C.E.,  who  graduated  from  the  School  of 
Science  in  1893,  and  who  now  has  a  consulting  practice  in 
Montreal,  is  at  present  contributing  a  series  of  papers  to  British 
technical  journals  on  engineering  in  Canada.  In  one  of  these 
papers  published  in  The  Engineer,  dealing  especially  with 
engineering  at  Toronto  Lniversity,  he  has  classified,  according  to 
geographical  distribution  and  employment,  the  graduates  oi 
S.  P.  S.  up  to  and  including  the  class  of  '04,  approximately  500 
in  all.  His  fiindings  will  be  read  with  interest.  Canada  retains 
75%  ;  United  States  has  absorbed  24%  and  1%  are  found  in  other 
countries.  With  employment  as  a  basis  of  classification  it  is 
found  that  69%  have  remained  in  engineering,  14%  have  gone 
into  contracting  or  manufacturing  and  17%  into  other  lines. 
The  distribution  is  as  follows : 

Engineering: — 

Private  practice  and  employment  as  engineers.  39% 

Government  and  municipal  engineering  work.  .  15% 

Railway  engineering 10% 

Light,  heat  and  po\\er  engineering   5% 

69% 

Industrial   lines: — 

Contracting  8% 

Manufacturing    6%. 

—  14% 

General   business   pursuits    A^/c 

Educational   work   and   professions   other   than 

engineering    13^r 

—  \7% 

Total    100% 


Meeting  of   Past   Presidents 

A  rather  unicjue  meeting  took  place  at  the  King  'Edward 
Hotel.  Toronto,  on  Thursday,  November  4th.  it  consisted  of 
a  reunion  of  all  the  past  presidents  of  the  Engineering  Society  in 
the  city,  together  with  the  present  president.  Out  of  the  twenty- 
one  men  wlio  have  held  the  position,  the  following  responded: 
H.  E.  T.  Haultain.  "88-'89 ;  C.  F.  King.  V(V97  \  \\ .  E.  II.  Carter. 
'98- '99:  E.  A.  James.  '04-'05 :  T.  R.  Loudon.  US-W:  K.  .\.  Mac- 
Kenzie.  '07-'08:  T.  FI.  Flogg.  '08- W :  K.  J.  Marshall.  W-'\0.  These 
together  with  C.  H.  Mitchell  were  the  guests  of  Prof.  Haultain 
at  a  dinner  in  honor, of  E.  W.  Stern,  who  had  come  up  from 
New  York  on  purpose  to  present  the  portrait  of  Dean  (ian)raith 
to  the  L'niversity.  A  very  full  discussion  took  place  on  how  the 
interests  of  Engineering  at  the  l'niversity  might  be  advanced, 
particularly   in   the  line  of  po<t-gra<hiate  w<irk.     It   was  decided 
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to  push  the  matter  of  scholarships,  etc..  at  some  future  time. 
In  the  meantime  it  was  considered  advisable  to  try  to  obtain 
equal  footing"  with  other  faculties  in  the  matter  of  scholarships 
at  present  in  existence.     More  will  be  heard  of  this  later. 

It  is  interesting  to  note  the  whereabouts  of  the  remaining 
presidents. 

F.  W.  Thorold.  "OO-'Ol.  is  at  present  in  Toronto.  ])ul  this  was 
not  known  at  the  time. 

D.  Sinclair.  '02-'03,  and  J.  D.  Shields.  '93-'y4.  are  also  in 
Toronto,  but  the  former  was  seriously  ill  and  the  latter  in- 
disposed. 

R.  W.  Thomson.  '^)l-'92,  mining  engineer,  passed  through 
city  the  pre\ious  day.  on  his  way  to  Nova  Scotia  to  re]:)ort  on 
a  mining  proposition. 

A.  E.  lUackwood,  '94-'95,  is  manager  Xew  York  office  of 
the  Sullivan  Machinery  Co. 

("r.  Al.  Campbell.  '95-'96.  is  superintendent,  power  ai)])aratus 
shops,  Western  Electric  Co..  Chicago. 

H.  S.  Carpenter,  '97-'98,  Dist.  Eng..  Department  of  I'ublic 
Works,  Regina. 

Thos.  Shanks,  '99- '00,  Department  of  the  Interior.  Ottaua. 
.  J.  F.  Hamilton.  '03-'04.  D.  L.  .*~^ur\eyor  and  Engineer.  Leth- 
bridge.  Alberta. 

J.  A.  Duff.  '89-'90.  J.  K.  Robinson,  '90-'91.  \V.  A.  Lea.  •*)2-"93. 
R.  11  .Barrett.  '01-'02.  are  deceased. 

R.  A.  Ross.  E.E..  "90,  of  the  firm  of  Ross  &  Holgate.  Mont- 
real, a  graduate  of  the  School  in  1890,  has  been  engaged  by  the 
Faculty  of  .\i)plied  Science  at  McGill  to  deliver  a  course  of 
lectures  on  the  Commercial  Side  of  Engineering,  dealing  with 
organization  and  operation  of  companies;  with  purchase  and 
sale  of  materials;  with  accounting,  estimates,  specifications, 
contracts  and  reports.  Mr.  Ross'  wide  experience  pre-eminently 
fits  him  for  such  a  course  of  lectures.  It  is  to  be  hoped  the  new 
curriculum  in  course  of  construction  will  proxidc  a  similar  course 
at  'J^troHto. 

v..  S.  G.  Strathy,  '07,  has  sailed  for  Porto  Rico.  He  will  be 
on  the  Engineering  Staff'  of  the  I'.  S.  Government,  engaged  on 
irrigation  work. 

J.  M.  R.  Fairbairn,  '93,  formerly  C.  P.  R.  divisional  engineer 
at  Toronto,  and  later  at  Montreal,  has  been  a])pointed  principal 
assistant  engineer  of  the  Canadian    Pacific   Railwaw 

W.  G.  Cha^e.  '01.  of  the  firm  of  Smith.  Kerry  &  Chase,  has 
remo\ed  to  Winnipeg  to  take  charge  of  The  municipal  power 
plant  for  his  firm.  Mr.  Chase  had  the  refusal  of  the  ])osition 
of  Chief  I'llectrical  Engineer  for  the  city  of  Toront<\  but  pre- 
ferred !hc  freedom  of  private  practice. 
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FIVE   MEN   IN   AN   AIR-SHIP 
(To  Say  Nothing  of  Me  and  the  Dog.)  ' 

John  A.   Stiles. 

Being  the  true  and  authentic  record  of  the  cuhninating  triumph 

of  the  Science  of  JJallistics,  as  discovered  and  perfected 

by  several  professors  from  the  Oriental  School 

of  Signs  and  Wonders. 

(Note. — Man  can  never  be  considered  a  com])lete  success 
in  any  line  until  he  has  sacrificed  himself  on  the  altar  of  his  ideab 
or  in  other  uDrds.  have  you  the  courage  of  your  convictions  to 
such  an  extent  that  }-()U  would  e\-en  get  inside  of  them?) 

During"  a   lecture  on      Light   as     a 
Force,  a  small  glass  bulb  containing  a  i^     '^ 

miniature  windmill  was  thrust  in  the 
path  of  the  lantern's  light  and  almost 
immediately  the  mill  began  to  revolve 
and  was  soon  spinning  so  rapidly  that 
it  could  scarcely  be  seen.  Professor 
Photos  claimed  that  this  was  a  substan- 
tial proof  that  light  possessed  a  remark- 
able force.  Very  interesting  doubtless, 
but  the  dear  old  professor  fell  to  ex- 
panding the  idea  and  to  plastering  the 
board  with  a  lacework  of  equations  un- 
til 1  could  have  thought  that  we  were 
undergoing  a  spasm  known  as  the 
Theory  of  Probability  or  wallowing  in 
the  slough  of  Theoretical  Astronomy. 
I  yielded  to  the  influence  of  the  soporific 

atmosphere  and  was  soon  adrift  in  the  darkness.  I'or  the  rest  ol 
the  period  the  Rarebit  Fiend  and  I  went  olif  i»n  a  species  ol 
neurotical  jambourees. 

Now  in  front  of  me  were  two  large  buildings.  l'"rom  the 
first  issued  a  loud  rumbling  noise  and  from  the  sec(,)n(i  a  lurid 
stream  of  lig'ht  was  directed  high  into  the  heavens. 

]  achanced  and  was  startled  by  coming  face  to  lace  with 
Photos. 

'Tiello!'"  he  exclaimed.  "T  am  glad  to  sec  y<«u  taknig  such 
an  interest  in  your  work  and  mine." 

I  wondered  what  that  was.  but  concluded  that  he  must  know 
the  answer. 

"The  object  of  my  life  is  about  realized."  he  continued:  "a 
trip  to  Mars."  He  st()od  smiling  at  me  in  that  benign,  expectant 
way  of  his.  his  curly  hair  rustling  gently  in  the  night  breezes. 
As' for  me  and  mine.  I  sang  the  Scotchman's  national  anthem. 
'T-Ioot  mon!"  I  shouted,  and  my  pulmrnary  artery  swelled  within 
me. 


'='<^Far 
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"Now  see  here,"  he  said,  looking  off  into  the  distance,  as  one 
who  sees  things  the  morning  after,  "BalHstics  is  the  science  of 
throwing  massive  bodies  through  long  distances,  and  has  as  its 
fundamental  law  the  reciprocal  of  the  famous  gravity  formula 
vee-squared  o\er  twice  gee.  I  discovered  it  in  the  nucleus  of 
its  germination  during  an  exhaustive  search  for  a  scheme  to  get 
more  apparatus  for  my  laboratory." 

He  entered  the  first  building  and  I  followed.  I  felt  as  if  I 
had  stepped  in  at  the  touch-hole  of  some  gigantic  cannon,  for 
I  had  not  entered  a  building  as  I  supposed,  but  a  cylinder  some 
forty  or  fifty  feet  long  and  about  ten  feet  in  diameter,  which  was 
pointed  into  the  sky  at  about  the  same  angle  as  1  had  noticed 
the  light  was  directed.  To  describe  it  more  particularly,  it  was 
a  large  cigar-shaped  vessel  which  was  divided  into  three.  Pro- 
fessor Photos  made  his  way  to  the  last  room  and  opening  the 
lid  of  a  large  box  padded  with  batting,  remarked  rather  sug- 
gestively that  it  would  make  a  good  bed  for  some  one  soon. 

At  last   I   seemed   to   realize.     "Can   it  be   possible,   sir."   I 
exclaimed,  "that  you  are  really  going  to  attempt  a  trip  to  Mars?"' 
"Attempt  it?"  he  almost  shouted.     'T  intend  to  do  it.  an  i 
you  shall  accompany  me." 

Accompany  him  !     1  almost  fainted. 

A  quick  application  of  two  or  three  of  the  mure  general 
principles  of  the  art  of  Jurjitsu  and  I  found  myself  snugly  tucked 
away  in  the  padded  box. 

I  blinked  blindly  and  in  terror  at  the  big-eyed  caricature  of 
Photos  as  he  bent  over  me  fastening  a  few  necessary  straps. 
He  seemed  quite  cool  but  my  heart  was  beating  as  one  who  had 
been  running  a  dog-churn  for  his  wife,  trying  to  make  butter 
out  of  skim  milk. 

"Yoit  remember,"  he  continued,  "my  telling  }ou  several 
times  that  in  the  ether  that  surrounds  our  atmosphere  and  takes 
up  the  remaining  part  of  space  not  occupied  by  ourselves  or 
the  United  States,  there  is  comparatively  little  force  at  work. 
You  understand,  there  are  no  wind  storms  or  anything  of  that 
kind.  Space  always  remains  in  a  dead  calm.  I  have  no  doubt  if 
someone  could  only  in\cnt  a  method  of  creating  a  good  Avind- 
storm  in  space,  that  it  would  wreck  ihe  whole  universe  and  send 
stars,  the  moon  and  the  i)lanets  bumping  against  each  other  like 
forty  cats  in  a  fit.  Now,  my  vessel  is  built  first  of  aluminum, 
that  is  the  outer  walls  are  of  that  substance,  while  next  to  that 
lies  a  layer  of  mica  and  inside  of  that  a  covering  of  asbestos. 
The  object  of  each  substance  is  as  follows:  the  aluminum  is  made 
in  such  a  fashion  that  it  can  be  raised  (~»r  (opened  like  the  slats  in 
shutters.  The  mica  under  the  alumiiuun,  being  transparent, 
after  the  asbestos  is  jiulled  down,  will  enable  us  to  see  clearly 
objects  of  interest,  which  we  may  pass,  ^^'hen  we  are  not  pass- 
ing anything  we  can  sit  around  the  sides  of  the  vessel  and  put 
in  tile  lime  reading  novels  or  planning  f(^r  the  return  jonrney." 
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"But.  sir,"  1  interrupted,  anxious  to  make  time,  "please 
explain  to  me  how  you  purpose  transporting  your  wonderful 
vessel  into  the  ether  or  space  you  speak  of  far  enough  to  be 
beyond  the  attraction  of  gravity." 

"Simple  as  Taylor's  Theorem.  Xewton  and  1  have  long  ago 
discovered  that  the  gravitational  force  decreases  directly  as  the 
square  of  the  distance.  So  you  see  it  is  merely  a  matter  of 
distance.  My  plan  is  this:  Behind  and  below  this  building  is  a 
large  cylinder  running  underground  for  over  half  a  mile.  This 
cylinder  is  rapidly  being  filled  with  a  fulminate  made  from  the 
gasefication  of  the  governors"  meditations.  A  meter  at  the  door 
registers  the  amount  of  contemplated  force  thus  being  accumu- 
lated. Then  taking  into  account  the  exact  coefficient  of  resist- 
ance, which  Professor  Hydros  has  kindly  worked  out  for  me.  I 
have  computed  that  it  will  take  about  steen  pounds  pressure  to 
the  square  inch  to  hustle  us  without  the  jurisdiction  of  this  globe. 
Then  what  ho !  the  rest  is  easy  and  I'll  get  my  name  in  the  Globe. 
That  reminds  me,  I  must  see  j\Ir.  Marconi  about  a  little  matter 
regarding  communication  with  home.  You  sec  my  wife  will 
likely  be  anxious." 

''What  about  air?"  I  panted.  "We  nuisi  ha\e  air  to  breathe 
and  this  vessel  will  not  hold  enough." 

"Do  not  worry  about  that.  In  the  other  end  of  this  car 
stands  a  drum  of  vitrified  air  sufficient  to  refill  these  compart- 
ments one  hundred  and  fifty  times  or  more." 

"The  distance — is  it  not  too  great  to  attempt  to  cross  befi^re 
we  shall  all  be  dead?"  I  asked. 

"The  distance  is  a  mere  bagatelle.  You  will  recall,  doubt- 
less, the  many  lectures  I  have  given  you  on  Light  as  a  Force. 
Very  well:  my  plan  is  this:  Upon  being  shot  away  from  the 
earth  an  immense  light  will  be  turned  upon  us  which  will  increase 
our  velocity  from  15  to  29.995  per  cent,  per  second.  .\  little 
problem  in  acceleration  for  you.  Vou  see  in  space  power  gained 
is  power  retained,  and  a  little  mental  arithmetic  will  show  you 
that  at  the  end  of  an  hour's  time  we  shall  have  attained  a  speed 
of  seven  thousand  miles  per  minute.  Then  the  rest  will  be  easy. 
All  we  shall  have  to  do  will  be  to  sit  there  and  go,  simply  go!  go! 
I  have  got  the  pr()])lcm  of  food  and  .dl  that  sort  of  thing  solved 
long  ago." 

The  rest  was  easy,  sure  enough,  for  he  put  a  siK)nge  to  my 
nose  and  the  last  thing  1  remembered  was  wondering  whether  I 
would  be  back  in  time  to  take  a  demonstratorship  or  not. 

A  frightful  pain  in  my  left  arm  awakened  me.  Surely  1  must 
be  at  sea.  How  dreadfidly  the  shij)  was  mlling!  How  dark 
it  was!  I  struggled  to  get  up  but  found  that  1  was  firmly 
bound.  Now  T  remembered  everything.  1  was  out  in  space 
careering  along  at  seven  thousand  miles  a  minute.  There  was 
some  satisfaction  in  the  fact  that  we  were  going  pretty  fast.  As 
I  lav  thus  musing,  someone  opened  the  lid  of  my  box  and  \  found 
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myself  blinking  at  the  dazzling  light  of  the  sun.  ^[y  next 
impression  was  that  it  was  very  cold  in  the  car. 

"Don't  you  think  it's  time  you  got  up?"  said  Photos.  "I 
don't  know  what  time  it  is,  for  m_v  watch  seems  to  have  stopped, 
but  I  shall  call  up  Toronto  in  a  minute.  I  want  to  speak  to  the 
Dean.  1  have  just  remembered  that  I  have  forgotten  to  get 
leave  of  absence  and  1  suppose  he'll  be  properly  mad  over  it." 
He  went  to  the  end  of  the  car  and  worked  a  telegrapher's  key 
for  a  few  minutes.  Then  a  moment's  wait  and  he  began  to  write 
rapidly.  "The  explosion  which  sent  you  into  space  brought 
down  City  Hall  tower,  also  Science  buildings ;  all  exams,  ofi. 
Special  meeting  of  Council.  Warrant  out  for  3'our  arrest.  Full 
page  article  in  all  papers.  Keep  us  iidvised.  Dean  says  doesn't 
see  how  he  can  let  you  go.  Great  opportunity  working  for 
moving  picture  shows  when  you  return.     Time  9.30  a.m." 

'Tlem,"  said  the  professor.  "They  won't  think  me  so  slow 
after  all,  will  they?  I  wish  the  shock  had  killed  a  man  i  know, 
but  that's  neither  here  nor  there.  At  least  I  mean,  thank  good- 
ness 1  am  away  from  him,  at  any  rate.  Now  I  suppose  we  had 
better  wake  the  rest,  since  it  is  long  past  breakfast  time." 

Imagine  my  sur])rise  to  see  him  open  five  boxes  similar  to 
the  one  in  which  1  had  been  imprisoned.  Professor  Looby 
yawned,  stretched,  looked  about  him.  smiled  good  naturedly, 
asked  if  we  were  out  of  -sight  of  earth  yet,  and  turned  over  for 
another  snooze.  Professor  Walkembust  was  already  awake  and 
anxious  to  'be  up.  "Good  morning,"  he  said,  stroking  his  hairless 
pate.  "How  are  chances  to  get  something  to  eat?"  Professors 
Statish  and  Kemoss  were  not  so  easily  wakened,  the  effect  of  the 
anaesthetic  not  having  worn  off  }et.  However,  by  the  time  the 
occupant  of  the  last  couch  had  been  liberated  and  pacified  all 
were  ready  for  something  to  eat.  The  last  named  individual 
being  none  other  than  our  old  friend  Tige.  the  dog.  The  poor 
brute  seemed  to  take  in  the  situation  at  a  glance  and  gazed  up 
intd  our  faces  with  a  look  which  seemed  to  say.  "Well,  I'm  next 
all  right,  but  what's  the  answer?" 

After  breakfast  Looby  opened  a  ])aper  door  and  crawled  u]) 
to  the  lop  of  the  car  along  which  ran  a  Inige  telescoi)e.  "1  shall 
now  determine  our  whereabouts."  he  remarked  (|uite  cheerfully. 
His  face  was  not  so  cheerful,  howoxor,  a  niiiiiient  later  when  he 
slid  down  from  his  perch  and  announced  thai  we  were  heading- 
straight    Un-  the   moon. 

"Genllenien,  I  might  as  \\ell  brei:k  it  to  vou  at  once,  (jet 
r,eady  lor  ;i  hump,  for  T  ihink  there  is  g<Mng  to  be  one.  Even 
now  we  have  co\ered  over  half  of  the  distance  between  the  earth 
and  the  moon." 

Hien  followed  many  hours  of  wonderful  exents.  We  all. 
including  the  dog  Tige.  stood  gazing  througli  the  transparent 
sides  of  the  car  at  the  objects  we  were  passing  and  some  that 
passed  us.     Kemoss  remarked  willi  a  grim  smile  that  nutst  <^f  the 
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things  we  saw  were  going  in  the  opposite  direction  to  that  in 
which  we  were  inclined  to  believe  they  were  travelling.  Many 
times  we  rushed  by  huge  masses  of  rock,  the  aluminum  sides 
often  brushing,  them  so  roughly  as  to  jostle  the  car.  Had  they 
not  been  travelling  in  the  same  direction  as  ourselves  they  would 
have  passed  us  so  rapidly  as  to  forbid  our  seeing  them. 

A  white  light  was  seen  1k- 
fore  us.  Slowly  we  ran  it 
down.  Now  we  were  close  be- 
hind it.  It  was  a  mountain  of 
rock  at  a  white  heat.  Gradu- 
ally, very  gradually,  we  gained 
upon  it,  and  as  we  did  so  we 
became  conscious  of  its  great 
heat.  Like  a  fiend  the  car 
seemed  to  recognise  a  comrade 
and  was  diving  straight  to- 
ward it.  The  heat  became  so 
intense  that  we  were  com- 
pelled to  lie  upon  the  car  floor 
and  let  down  the  aluminum 
flanges.  Poor  Tige  seemed  to 
scent  the  danger,  for  between 
his  pantings  he  would  stop  to 
whine  and  look  up  into  the 
faces  of  each  of  us  in  turn. 

During  all  the  mad  race 
Kemoss  had  not  uttered  a 
sound,  but  just  as  the  car 
seemed      aljout     to   touch      its 

nose  to  the  rock  he  step])cd  (|uickly  in  the  front,  took  a  look, 
and  said,  "  1  think  we  had  bctlcr  change  the  air  in 
the  car.  It  is  gelling  rallicr  close  in  here.  I  do  not 
think  that  ihcre  is  much  cause  for  alarm  at  our  ])res- 
ent  situation,  if  \-ou  will  enter  the  next  room  and  close 
this  door  I  will  show  you  how  we  purpose  defeating  such  fiery 
friends  as  that  ahead  of  us."  W'e  obeyed.  The  snout  of  the  car 
was  almost  among  the  flames  when  the  professor  opened  two 
valves  in  the  head  of  the  car.  A  hiss — a  roar — an  intolerable 
odor.  As  Kemoss  returned  to  us  and  we  pulled  open  the  door 
to  receive  him  the  rush  of  air  from  our  room  nearly  over- 
balanced him.  A  shrill  whistling  from  the  valve  on  the  vitrified 
air  drum  and  the  car  was  once  more  filled  with  precious  air. 
We  raised  the  flanges  now  and  all  rushed  to  the  head  of  the  car. 
The  rock  was  gone,  having  been  blown  completelv  clear  of  our 
path.  We  were  saved  for  the  present  at  least.  We  could  liardly 
avoid  the  thought.  howe\er.  that  perhaps  the  next  monster 
would  not  be  travelling  with  ns  but  against  us.  W'alkembust 
remarked  with  a  smile  that  it  would  have  been  a  quick  business 
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if  our  friend  had  been  coming  to  scliool  instead  of  going  home. 

It  was  now  about  twenty  hours  since  we  had  been  hurled 
into  space  and  since  Looby  assured  us  that  we  would  not  be 
near  the  moon  for  another  day  at  least,  our  speed  having  so 
decreased,  someone  suggested  that  we  take  a  snooze.  I  did  not 
feel  inclined  to  re-enter  my  bed.  It  was  too  much  like  trying 
to  sleep  in  one's  coffin,  so  I  imitated  the  example  of  the  others 
and  lay  down  with  my  feet  towards  the  head  of  the  car. 

How  long  I  slept  I  don't  know,  but  I  was  awakened  by 
hearing  the  rest  of  the  company  talking  excitedly.  I  rubbed  my 
eyes,  got  up  and  gazed  about.  We  were  quite  near  the  moon 
now,  very  near  it,  too  uncomfortably  near.  Contrary  to  our 
expectations,  however,  the  bump  did  not  come,  for  we  shot  past 
the  satellite  like  a  cannon  ball.  We  were  standing  looking  at 
one  another  wondering  what  would  happen  to  us  next,  when  the 
strange  conviction  was  forced  in  upon  me  that  our  car  was  not 
travelling  as  fast  as  formerly  and  I  was  not  surprised  to  hear 
Looby  say,  "I  thought  so.  Now  we  are  going  to  go  back  to 
the  moon."  True  enough,  like  a  shot  out  of  a  gun  we  swept 
past  it  again,  stopped  on  the  other  side  and  made  the  return 
journey,  though  with  less  force.  The  truth  of  the  matter  was 
that  we  were  virtually  playing  the  part  of  a  satellite  to  the  moon, 
running  around  and  around  it  like  the  gyrations  of  a  moth  about 
a  candle  flame.  Our  speed  decreased.  Once  we  thought  we 
were  going  to  run  into  another  rock,  but  it  pro\ed  to  be  only  a 
flaming  bag  of  gas  and  we  shot  through  it.  scarcely  feeling  the 
heat. 

As  our  xelocit}'  decreased  it  became  possible  to  make  a  mi:)re 
careful  inspection  of  our  new  home.  It  was  much  as  we  had 
seen  in  magazines,  spinning  always  with  the  same  side  to  the 
earth.  As  we  shot  once  more  around  it  we  noticed  that  it  was 
bowl-shaped,  the  side  away  from  the  earth  being  hollowed  out 
like  a  walnut  shell.  We  sped  back  and  forth  about  this  strange 
satellite  for  two  or  three  hours,  but  always  getting  closer  and 
fitiall}-  tripping  over  the  edge  of  the  bowl  and  soaring  down  like 
a  bird.  As  we  were  nearing  the  ground  I  could  have  screamed 
with  excitement. 

"Down  with  the  flanges,"  hissed  Photos,  and  they  went 
down  with  a  crash  just  as  the  car  alighted.  There  vvas  a  tre- 
mendous jolt  that  sent  everything,  ourselves  included,  into  a 
heap  at  the  front  of  the  car. 

Tige  was  the  first  one  to  raise  his  \(iico  on  the  new  ])lanei. 
Something  had  fallen  on  him  and  he  was  yelping  loudly.  He 
was  soon  located  and  bounded  about  o\er  everybody  and  every- 
thing in  the  dark,  'i'hcn  began  a  rummaging  among  the  debris 
for  the  box  with  ihe  tapers.  We  succeeded  after  a  time  in 
getting  a  light  and  proceeded  to  take  stock  of  our  mixed  mer- 
chandise.    The  partitions  and  everything  belonging  to  them  had 
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been  swept  away,  but  notwithstanding  the  great  crash  the  car 
was  even  now  air-tight. 

Outside  we  could  hear  a  light  tapping  on  the  car  and  directly 
above  our  heads  we  noticed  a  sound  as  of  some  one  drilling. 
To  this  part  Professor  Statish  gave  his  whole  attention,  mur- 
muring something  about  the  horizontal  resolved  part  of  the 
resultant.  ^lounting  on  a  box  he  listened  intenth'.  The  drill- 
ing continued  for  some  time,  probably  an  hour,  when  finally  the 
professor's  vigil  w^as .  rewarded.  The  sharp  point  of  a  green- 
colored  instrument  pierced  the  mica.  The  professor  immediately 
seized  and  held  it  and  instructed  me  to  mount  on  his  shoulders 
and  ascertain  if  possible,  by  peering"  through  a  crack  in  the 
flanges,  what  sort  of  a  creature  was  doing  the  damage.  Liy  the 
aid  of  a  piece  of  glass  I  was  at  length  enabled  to  catch  a  glimpse 
of  the  figure,  which  was  crouching  on  the  roof  of  the  car  trying 
to  withdraw  the  tool.  It  was  a  creature  about  four  feet  high, 
pearl-colored  and  shone  in  the  sun.  as  if  it  had  been  highly 
polished.  It  was  proportioned  exactly  like  a  man  and  1  noticed 
that  it  had  no  hair.  In  fact  there  did  not  seem  to  be  room  for 
any  hair,  for  a  row  of  rabbit-like  eyes  ran  completely  round  its 
head.  At  first  1  was  inclined  to  think  it  had  no  ears,  but  a 
moment  later  I  discovered  that  it  had  one  nearl}-  as  large  as  a 
saucer  placed  exactly  on  top  of  its  head. 

The  professor  now  released  his  grip  and  the  boring  tool  was 
jerked  out.  but  immediately  upon  its  being  withdrawn  there  was 
a  rush  of  air.  1  saw  the  pearl-colored  creature  duck  his  head 
as  if  to  listen  to  the  noise  and  then  away  he  flew  high  into  the 
air  kicking  and  squirming.  The  hole  was  quickly  closed  by 
placing  pieces  of  paper  over  it. 

Descending  from  our  perches  we  now  held  a  council  oi  war. 
There  was  no  doubt  about  it,  the  Moonites  were  evidently  very 
curious  or  else   were  openly  hostile. 

"I  tell  vou  what,"  said  Statish,  "I  know  something  about 
the  horizontal  resolved  part  of  the  resultant.  When  that  little 
beggar  drilled  an  opening  through  our  roof  the  air  cooi)ed  in  the 
car  pufifed  him  high  sky.  Well.  1  advocate  cutting  similar  holes 
on  all  sides  of  the  car.  Let  us  cover  them  with  pieces  of  paper 
and  then  raise  the  flanges.  .\s  soon  as  those  creatures  sec  us 
they  will  likelv  make  a  charge  and  clamber  all  over  the  car  and 
when  the  car  is  well  covered  with  them  we  will  pull  away  the 
paper." 

"A  very  good  idea."  assented  cveryl)ody,  "'though  it  is 
strange  that  vou  should  have  thought  oi  it  since  your  science 
onlv  "deals  with  stationary  bodies  and  that  makes  a  noise  like 
dynamics.  ■ 

"You"re  all  wrong."  said  Pht)tos.  "It  makes  a  noise  like  the 
Science  of  Ballistics  and  1  am  the  one  that  should  have  thought 
of   it." 
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"Well,  well,  don't  quarrel,  gentlemen.  Let's  get  t<j  busi- 
ness," said  Walkembust. 

Immediately  we  began  cutting  small  holes  in  the  mica  with 
our  knives  and  soon  had  one  hundred  and  fift}'  holes  made  and 
each  covered  with  several  plies  of  thick  brown  paper. 

"Now,  up  with  the  flanges."'  Up  they  went  and  the  car 
was  once  more  flooded  with  sunlight,  which  so  affected  our  eyes 
that  we  were  unable  to  see  for  some  moments. 

When  our  eyes  had  gained  sufficient  strength  to  bear  the 
light,  a  scene  was  unfolded  before  us  which  was  somewhat 
startling.  At  two  or  three  hundred  yards  distance  stood  about 
a  thousand  of  the  pearl-colored  men,  glistening  like  so  many 
granite  tomb-stones.  Picking  up  a  telescope.  1  directed  it  to- 
wards the  crowd.  It  was  composed  of  beings  similar  to  the 
one  we  had  first  seen.  Their  hands  and  feet  were  shaped  like 
cups.     Suddenly  they  turned  and  rushed  towards  the  car. 

As  they  came  forward  we  perceived  that  thev  each  carried 
strange  instruments  which  resembled  egg-beaters.  'Phc\'  were 
rapid  runners  and  soon  reached  the  car.  clambering  "ver  it  like 
a  cloud  of  locusts.  The  mica  was  several  inches  in  thickness 
and  while  they  were  boring  we  charged  the  car  \vell  with  air. 
Then  stationing  ourselves  about  the  car  we  began  jerking  the 
paper  from  the  holes,  replacing  the  pieces  immediately.  As  each 
aperture  was  uncovered  there  was  a  zip  of  the  escaping  air  and 
one  and  sometimes  two  of  the  Moonites  were  hurled  high  into  the 
air,  to  alight  some  twenty  or  thirty  feet  away  apparently  un- 
injured but  not  anxious  to  repeat  the  experiment.  Pop !  pop ! 
pop!  Away  they  flew  like  toy  balloons.'  alighting  some  head 
first,  on  their  backs  or  rolling  over  and  over  like  empty  baskets 
chased  by  the  wind. 

Photos  now  unkjcked  the  sliding  door  and  for  the  flrsi  lime 
in  six  weeks  we  stood  on  terra  firma.  It  occurred  to  me  that 
Tige  might  like  a  scamper  as  well  as  ourselves,  accordingly  I 
opened  the  door  and  let  him  out. 

"Phew!  we  slumld  ha\'e  tied  a  stone  to  Tige  to  keep  him 
down."   said    Kemoss. 

IJig  Tige  went  crazy  for  the  time  being,  ^\'ith  two  great 
bounds  he  was  close  to  the  group  of  ^Foonites.  One  more  and 
he  had  sailed  completely  o\er  their  heads.  He  turned  (juickly 
and  jumped  at  them  again.  Whether  he  liad  made  up  his  mind 
to  devour  the  whole  tril)e  or  nol  1  cannot  say.  but  at  an\-  rate 
he  liad  to  exercise  great  patience  before  he  could  gel  near  enough 
to  even  gel  a  sniff  at  lliem.  l^ach  Imund  sent  him  iwenty  yards 
farther  than  he  intended  to  go.  Xor  could  he  seem  to  under- 
stand, for  he  flew  over  and  over  the  terrified  creatures,  and  his 
barking  sounded  like  the  roar  of  a  hundred  cannon.  .\t  last  it 
seemed  as  if  the  Moonites  coidd  stand  it  no  longer  and  we  were 
surprised  to  see  them  all  standing  on  their  heads,  their  one  ear 
buried  in  the  loose  vellow  sanfl.    We  noticed  that  as  we  sp('>ke  to 
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one  another  our  voices  sounded  ten  times  louder  than  was  natural 
and  over  and  above  all  sensations  was  an  all-pervading  odor  of 
Welsh  rabbit.  At  times  it  was  almost  stiHing.  The  ground  on 
\v*hich  we  were  endeavoring  to  walk  was  like  flour  but  was  a 
kind  of  chrome  yellow.  We  had  scarcely  time  to  consider  this 
when  Tige,  having  given  up  pursuit,  came  sailing  back  to  us  like 
a  toy  balloon  in  the  breeze.  With  a  frightened  yelp  he  went 
careering  over  car  and  all.  He  now  seemed  to  have  an  inkling 
that  something  very  peculiar  was  the  matter  and  turned  and 
commenced  crawling  very  slowly  along  the  ground  to  us.  We 
caught  him  and  tied  him  to  the  car  door.  Our  enemies  had  now 
resumed  their  former  upright  positions  and  began  rubbing  and 
pushing  one  another  with  their  cup-like  hands,  but  we  heard  no 
sound  from  them.  Considering  that  they  had  learned  enough 
of  our  powers,  we  ventured  to  move  a  little  away  from  the  car. 
"Great  guns!  here  they  come!"  shouted  Photos,  his  voice  almost 
deafening  us.  "\A'hat  shall  we  do?  We  have  not  a  thing  with 
which  to  hit  them  and  we  are  cut  off  from  the  car."  However, 
as  wc  hesitated  the  solution  was  shown  us  by  Tige.  About  a 
hundred  of  them  had  made  toward  him.  He  rose  to  the  occasion 
and  although  tied  to  the  car  succeeded  in  raising  car  and  all  in 
a  great  bound.  Finding  that  he  could  not  fight  thus  encumbered 
he  contented  himself  with  waiting  for  the  others  to  assail  him. 
Ten  of  the  bravest  charged  him  with  their  egg-beaters.  Waiting 
until  they  had  advanced  to  within  a  few  feet  of  him  he  barked. 
That  was  enough.  The  dog's  breath  was  too  much  of  a  gale 
for  the  pale  faces  and  they  fell  over  one  another  in  great  con- 
fusion. What  happened  to  Tige  'after  that  we  were  unable  to 
say  for  we  had  troubles  of  our  own.  Hundreds  of  the  Moonites 
charged  us.  Professor  Statish  drew  a  long  breath  and  stepping 
forward  greeted  ten  or  fifteen  of  them  with  a  tremendous  puff, 
which  sent  them  all  down  like  nine-pins.  It  was  my  turn  next. 
About  twenty  of  the  many-eyed  creatures  came  at  me.  I  filled 
my  lungs  as  I  had  seen. the  professor  do.  but  alas!  I  could  not 
kcc])  from  laughing  and  exploded  long  before  my  foes  could 
reach  me.  It  was  Kemoss  that  did  the  mischief.  He  was  down 
on  his  hands  and  knees  trying  to  bark  like  a  dog  and  succeeding 
\'erv  indifferently.  A  moment  more  and  we  were  in  the  midst 
of  them.  They  seemed  numberless,  climbing  over  each  other  in 
their  desire  to  get  at  me.  Help!  Help!  I  screamed  and  mv  voice 
cleared  a  space  around  me  for  a  moment.  Then  tlicv  were  at 
me  again  and  stabbing  and  drilling  at  me  with  their  egg-boaters. 
It  was  Kemoss  that  saved  the  day.  He  had  fought  his  way 
back  to  the  car  and  returned  with  a  drum  of  compressed  air  and 
a  hose.  The  rest  of  the  battle  was  as  easy  as  watering  the  lawn. 
Swi.sh !  Swish!  and  there  was  a  space  clear  in  front  <->f  us 
■'Save  Walkembust !"  shouted  Photos,  who  was  now  struggling 
toward  us.  "he  is  down!"  Wc  shouted  and  dragged  the  hose 
after  us  as   we   blew  a   path    t.>  where    we    had   last   seen   him. 
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Swish  I  Swish  !  went  the  nozzle  and  the  professor  lay  before  us. 
His  face  was  completely  covered  with  minute  red  specks.  We 
turned  t'he  air  in  his  direction  and  greeted  him  with  a  refreshing 
breeze  that  soon  revived  him.       • 

We  could  no  longer  reach  our  enemies  l)v  means  of  the  air 
blast,  so  as  a  last  resort  I  slipped  back  to  the  car  and  let  the 
dog  loose.  Just  the  chance  that  Tige  wanted.  Barking  savagely 
he  rushed  towards  them,  jumping  over  and  over  them  but 
occasionally  lighting  right  in  the  midst  of  a  frightened  crowd, 
knocking  them  right  and  left.  Within  five  minutes  we  made  out 
a  party  of  our  assailants  coming  towards  us.  They  advanced 
running  for  some  distance,  then  falling  to  the  ground  began 
working  their  way  towards  us  on  all  fours.  Occasionally  they 
would  stop  and  wave  their  handless  arms  demonstratively  in  the 
direction  of  the  dog.  At  last  we  understood  their  meaning  and 
whistled  for  the  dog  and  chained  him  up. 

We  then  made  signs  that  we  were  not  anxious  to  resume 
hostilities  if  they  would  throw  down  their  egg-beaters,  which 
they  promptly  did  and  advanced  fearlessly  tow^ards  us.  The 
smallest  individual  among  them  advanced  at  once  to  Professor 
Walkembust  and  began  gently  to  stroke  his  wounded  face  and 
bald  head.  The  red  specks  left  immediately  and  we  were  more 
than  surprised  a  few  minutes  later  to  see  a  lu.xuriant  crop  of 
golden  hair  and  a  beard  appearing.  He  was  jubilant  and  was 
constantly  thereafter  coaxing  us  to  tell  him  what  he  looked  like. 

It  was  not  long  until  Walkembust's  instincts  began  to  assert 
themselves  and  he  started  walking  across  country,  followed  at 
a  respectful  distance  by  the  Moonites.  W'e  crossed  great  fissures 
in  the  loose  yellow  ground  by  simply  leaping  them,  the  Moonites 
going  around.  Walkembust  seemed  greatly  perplexed  at  the 
rock  formations  and  when  we  questioned  him  as  to  their  technical 
name,  he  said  that  as  time  went  on  he  was  more  and  more 
convinced  that  it  was  a  species  of  rock  which  is  usually  found  in 
table  lands  and  called  Limberg-Silurian..  We  crossed  the  bottom 
of  the  bowl,  so  to  speak,  and  were  ntnv  crawling  laboriously  up 
the  side  to  the  edge  of  the  dish  when  I  slipped  and  fell.  To 
save  myself  I  dug  my  heels  deep  into  the  earth  and  went  plough- 
ing down  the  slope.  I  wa.s  somewhat  behind  the  rest  of  the 
party  now  and  was  about  to  redouble  my  efforts  to  reach  them 
when  the  earth  beneath  my  feet  smelt  so  strongly  of  Welsh 
rabbit  that  T  yielded  to  the  temptation  to  taste  it.  My  suspicions 
were  Cdufirmed  but  I  said  nothing  to  anybody. 

Having  rejoined  our  part}-  wo  proceeded  up  the  slope, 
reaching  the  top  just  as  the  sun  was  sotting  behind  us.  From 
our  new  point  of  vantage  we  could  now  make  out  that  which 
wo  had  seen  before  our  car  landed,  viz:  that  the  moon  was 
shaped  like  lialf  a  walnut  shell.  'II10  edge  of  the  shell  was 
fringed  with  a  strange  kind  of  string-like  grass,  which  very 
much   resembled  cotton   rope.      Kemoss,  seated  in  the   midst  of 
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this,  had  pulled  a  pad  out  of  his  pocket  and  was  making  a  rather 
careful  sketch  of  the  L'nited  States  and  Canada.  I  asked  him 
if  he  thought  that  he  could  see  Toronto.  He  said  he  didn't,  but 
ventured  the  remark  that  he  thought  he  could  see  Chicago  and 
pointed  to  a  black  mark  beside  a  lake.  I  looked  a  moment  and 
asked,  "Are  you  sure  it  isn't  a  volcano?"  "Quite  sure  1"  he  re- 
joined; "I  know  Chicago  well." 

The  outer  surface  of  the  moon  looked  like  a  sheet  of  coarse 
canvas  that  had  been  painted  yellow,  something  like  the  old- 
fashioned  bass-wood  hams. 

Being  somewhat  fatigued  with  our  journey,  we  reclined  in 
different  postures  on  the  brow  of  the  hill,  now  watching  the 
affairs  of  earth  and  ever  and  anon  looking  back  into  the  darkening 
valley  behind  us.  We  were  some  distance  from  our  car  and  I 
for  one  was  ravenously  hungry.  I  whispered  this  to  Professor 
Walkembust  so  as  not  to  disturb  the  rest  with  unnecessarv  fears. 
He  looked  at  me  and  smilingly  whispered  back  :  'Tf  you  are 
hungry  why  don't  you  eat?  You  are  fond  of  cheese,  are  you 
not?"  I  admitted  that  I  only  cared  for  old  cheese.  "Well,"  he 
continued,  "this  should  be  old  enough  for  you,"  and  he  knocked  a 
corner  off  a  neighboring  rock  and  began  nibbling  at  it.  I  fol- 
lowed 'his  example.  Soon  the  secret  was  out  and  all  the  partv 
\^'ere  gorging  themselves. 

The  moon,  then,  was  nothing  more  nor  less  than  a  gigantic 
cheese.  As  the  Moonites  observed  us  eating  the  ground  upon 
which  we  stood,  one  of  them  advanced  to  my  side  and  stooping 
down  touched  my  forehead  gently.  I  was  surprised  at  the  sensa- 
tion. A  quiver  ran  through  me 
and  an  impresion  in  my  mind 
raj)idly  shaped  itself  into  words 
which  said,  "Do  vou  like  it  ?  " 
The  Moonites,  then,  had  no  lan- 
guage, but  communicated  their 
thoughts  from  one  to  the  other 
by  the  "touch  method."  Then 
followed  a  long  conversation,  for 
1  discovered  that  this  creature 
was  able  to  read  my  thoughts 
williout  c'\en  so  much  as  touch- 
ing nic.      1    always   was  a  plain  _  

thinker.      Professor    Looby    had 

adopted  different  tactics.  He  had  one  of  the  handsomest  Moonites 
on  his  knee.  He  smiled  at  it  and  it  smiled  liack  and  fed  him 
with  choice  pieces  of  cheese  gathered  from  the  neighboring  rocks. 
The  dear  little  creature  indeed  had  a  most  kissable  Ic^oking  mouth 
but  I  didn't  think  that  Looby  would  do  it.  but  he  did.  I  looked 
towards  the  young  Moonite  and  in  its  row  of  eyes  distinctly  read. 
"Please  tell  him  not  [n  do  that  again.  It  tickles.  C)h.  isn't  he 
awful!" 

If  the  moon   was  cheese,  then   this  rope-like  grass   must  be 
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the  rind.  Calling  one  of  the  Moonites  to  me,  1  elicited  tiic  infor- 
mation that  once  the  moon  was  round  but  that  it  had  all  been 
eaten  away  until  now  little  more  than  the  mere  shell  of  the 
original   moon  remained. 

We  spent  the  night  on  top  of  the  edge  of  the  bowl  and  in 
the  morning  were  awakened  from  a  short  nap  by  hearing  Tige's 
barks.  Convinced  from  the  noise  that  he  was  making  that  there 
must  be  something  unusual  the  matter,  we  hurried  back  to  the 
car  and  a  sight  greeted  our  eyes  that  was  more  than  ordinary 
even  for  this  strange  country.  The  car  was  completel}'  sur- 
rounded with  the  most  peculiar  looking  animals.  They  looked 
like  immense  white  snakes.  They  were  covered  with  long, 
straggly  hair  and  deep  wrinkles.  As  we  approached  waving  our 
arms  and  shouting  they  jumped  away.  I  say  jumped  away 
because  that  was  what  they  literally  did,  for  their  mode  of 
locomotion  was  beyond  description,  though  done  something  after 
the  following  fashion  :  When  one  wished  to  change  its  position 
it  placed  its  head  on  the  ground,  arched  its  body  and  Ijrcnight  its 
tail  close  to  its  head,  then  with  a  tremendous  bound  went  spin- 
ning through  the  air.  As  we  were  gazing  at  them  in  terror  1 
noticed  Walkembust  smiling.  "Don't  you  know  what  they  are?" 
he  asked.  We  all  admitted  that  they  were  a  new  variety  of 
snake  to  us.  "They  are  not  snakes  at  all,"  he  laughed.  "They 
arc  skippers." 

The  following  days  .were  all  tilled  with  pain  and  trouble. 
We  liad  nothing  but  cheese  and  fresh  skippers  to  eat.  First  Tige 
took  sick  and  died  :  then  Looby  startled  us  by  saying  that  his 
nose  itched  so  terribly  that  he  could  scarcely  stand  it.  and  we 
realized  that  it  was  the  result  of  eating  too  much  cheese.  Oh.  it 
is  too  terrible  to  tell  in  detail.  One  by  one  all  of  our  party  was 
wiped  out.  dying  of  that  terrible  disease  known  only  in  the  moon 
"itchy  nose."    Died  of  cheese  and  were  buried  in  cheese. 

.\s  for  me.  when  Photos  died,  the  thought  that  his  examina- 
tions would  all  be  called  off  was  too  much  for  me  and  I  awoke 
from  my  dream  to  find  the  lecture  on  Light  as  a  Force  still  in 
progress  and  the  board  about  a  foot  deep  in  equations. 
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On  the  occasion  of  the  presentation  of  portrait  of  Dean  ( jalbraith 
to  the    L'niversity. 

This  honor  conferred  on  me  by  na}-  fellow  .graduates  and 
the  undergraduates  in  Applied  Science  of  the  L'niversity  of 
Toronto  is  one  which  is  most  flattering,  and  which  I  most  deeph' 
appreciate  and  can  ne\er  forget.  Xo  greater  pleasure  could 
come  to  me,  than  to  return  to  ni}-  old  home  and  old  college  after 
many  years,  to  he  w  ith  you  all  and  to  be  asked  to  participate  in 
such  an  event  as  this,  the  public  expression  of  the  appreciation  in 
which  our  beloved  preceptor  is  held. 

There  might  have  been  selected  one  far  more  worthy  of  this 
honor  and  more  able  to  express  eloquently  the  thoughts  which 
an  occasion  as  memorable  as  this  should  bring  forth,  but  none 
more  in  sympathy  with  it,  nor  more  impressed  with  the  sterling 
worth  of  the  man  in  whose  honor  we  have  met  this  night. 

I  do  not  propose  to  speak  a  eulogy  of  Dean  (lalbraith. 
because  as  we  are  all  one  of  his  family,  so  to  say,  it  might  per- 
haps not  be  in  good  taste,  and  besides  a  parent  should  not  be 
praised  too  much  b}'  his  children,  it  might  spoil  him.  and  he 
might  take  advantage  of  us  ;  nor  to  refer,  except  briefly,  to  the 
evolution  of  the  .School  of  Practical  Science  into  the  Faculty  of 
.Applied  Science  of  the  L'niversity  of  Toronto  and  its  steady 
growth  under  his  fostering  care,  with  the  loyal  sup])ort  of  liis 
able  colleagues,  from  its  modest  beginnings,  some  thirty  years 
ago,  to  the  great  institution  it  now  is,  because  such  a  recital 
would  deal  practically  with  the  commencement  and  de\elopment 
of  technical  education  in  this  ])ro\ince  with  which  his  career  has 
been  most  intimately  associated,  and  there  are  those  much  better 
(|ualirted  to  speak  of  this  than  I  ;  but  rather  to  try  and  express 
what  we,  his  old  i)upils,  know  of  the  man.  and  our  api")reciation 
f)f  him  and  to  tell  >-ou  of  those  sterling  t|ualities  of  mind  and 
heart,  the  modesty,  the  thoroughness,  the  patience  a<  a  teacher, 
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the  kindliness  and  the  human  attractiveness  of  his  personaHty,. 
the  interest  in  the  welfare  of  his  old  pupils,  all  of  which  has  so 
endeared  him  to  us.  and  has  had  such  a  strong"  influence  upon 
our  lives. 

My  first  acquaintance  with  him  goes  back  a  long",  long"  while 
ago — twenty-seven  years — when  most  of  the  }-cnmg"  gentlemen 
now  before  me  had  not  yet  made  their  appearance.  1  called  at 
the  old  brick  school-ihouse  to  ask  him  about  the  studies  which 
were  taught  in  the  School  of  Practical  Science.  'Six  notions 
about  the  profession  of  civil  engineering"  were  very  vague,  and 
I  asked  for  enlightenment.  As  a  result  of  our  interview.  1  was 
so  taken  by  some  indefinable  quality  in  his  personality,  that  I 
decided  to  enter  this  school  and  learn  ci\il  engineering". 

It  was  then  a  very  modest  school,  only  three  students  in  the 
third  year,  three  or  four  in  the  second,  and  about  one  dozen  of 
us  freshmen.  The  faculty  in  Engineering"  consisted  of  Prof. 
Chapman,  Dr.  Ellis,  Dr.  Pike  and  Prof.  Galbraith.  and  we  had 
a  few  hours  a  week  in  University  College,  under  Prof.  Loudon 
and  Baker.  All  the  Engineering  lectures  were  given  by  Prof. 
Galbraith  as  well  as  the  field  instruction  in  surveying,  and  for 
three  only  too  short,  happy  years,  he  led  us  all  the  waj'  through 
the  mysteries  of  mechanics,  thermodynamics.  (lcscri])tive 
geometry,  hydraulics,  etc. 

We  were  indeed  tor.tunate  in  those  (la}S  on  account  ot 
the  small  size  of  the  classes  in  luuing  so  much  of  our  ])rc- 
ceptor's  attention:  we  could  not  help  but  learn  under  him, 
and  learn  to  think  for  ourselves,  'i'he  class  was  thoroughly 
in  earnest  in  its  desire  for  knowledge,  for  such  was  the  inspira- 
tion (jf  his  teaching.  liis  patience  was  untiring  and  he  never 
hesitated  to  go  over  and  over  again,  a  subject  which  we  could 
not  understand,  until  we  had  it.  \\'hile  he  maintained  discipline, 
it  was  done  without  harshness,  his  teaching"  was  thort)ugh  with- 
out being  pedantic.  Pie  impressed  us  with  the  importance  of 
getting  at  the  bottom  of  things  and  of  trying  different  methods. 
i^lis  lectures  were  informal,  his  methods  not  academic.  He 
would  put  down  a  difificult  problem  on  the  l)lackboar(l.  and  sit 
down  and  think  it  out  with  us.  If  the  prol)k'm  were  one 
involving  a  knowledge  on  our  part,  sa}-  of  certain  theorems  in 
calculus  or  algebra  which  we  were  supi)osed  to  know"  but  which 
we  were  not  clear  about,  he  would  go  back  and  drill  this  into  us 
before  proceeding"  with   the  ])roblem   in  hand. 

I  can  recall  to  this  day,  Innv  persistently  he  ke])t  at  us  until 
he  made  us  understand  that  in  a  beam,  the  neutral  axis  cor- 
responds with  the  centre  of  gravity  of  the  cross  section,  and  that 

M        p  . 

,-^^  — .    Rankine  (  peace  to  his  ashes)  was  even  made  plain.    1  le 
I         y  ^ 

untangled  many  of  his  knotty  theorems.     As  I  think  back,  1  can 

still  remember  away  off  in  the  distant  past  somethii"ig  about  the 
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internal  stress,  which  we  underwent  to  understand  the  ellipse  of 
stress,  adiabatics.  isothermals,  and  to  draw  the  shadow  which  a 
cone  casts  on  a  parabaloid  of  revolution.  He  really  did  clarify 
in  our  minds  these  mysterious  things. 

The  lectures  would  be  enlightened  with  flashes  of  keen 
humor.  I  remember  that  once  in  expounding  the  theory  that 
the  forces  acting  on  a  body  are  in  equilibrium  when  it  is  either 
at  rest,  or  in  motion  through  space  at  uniform  velocity,  I  asked 
the  question.  "\\'hat  would  happen  if  the  body  struck  me?""  The 
answer  came  ciuick  with  a  mischievous  twinkle  of  the  eye, 
"A\'ell,  let  us  see — if  it  struck  your  head,  it  would  depend 
on  its  quality  as  to  whether  it  rebounded,  or  went  through." 

His  technical  qualifications  and  breadth  of  view  were  such 
that  we  soon  realized  we  were  under  the  guidance  of  a  master 
mind.  It  was.  however,  the  human  quality  of  the  man,  his  fine- 
ness, his  way  of  thinking  and  talking  straight,  his  kindliness  and 
interest  in  each  of  us  and  his  sympathetic  nature,  which  appealed 
most  to  us.  He  was  a  man.  every  inch  of  him,  and  one  of 
nature's  own  noblemen.  He  never  preached  at  us,  nor  did  he 
ever  talk  about  what  was  right  or  wa'ong.  but  somehow  or  other, 
remarkable  to  say.  we  absorbed  ethical  teaching  from  him.  I 
ha\-e  spoken  with  many  of  our  graduates,  and  they  all  agree  w'ith 
me  in  this: — we  seemed  to  feel  what  he  thought  was  the  right 
thing  to  do. 

He  was  not  only  popular  with  us  his  students,  but  he  was 
appreciated  by  al!  sorts  and  conditions  of  men.  The  Ojibwa 
Indians  call  him  by  a  name  which  means  ''The  Little  Chief  with 
the  noonday  face."  I  recall  personalh^  a  suggestive  incident  bear- 
ing on  this  phase  of  him.  Twenty-six  years  ago,  during  my  sum- 
mer vacation,  I  was  on  a  surveying  party  in  Nipissing;  one  night 
our  party  were  encamped  near  a  Hudson  Bay  post  called  Fort 
McLeod,  at  the  mouth  of  Sturgeon  River.  In  talking  with  the 
factor,  whose  name  I  cannot  just  now  recall,  he  asked  me  if  I 
knew  a  little  professor  from  Toronto — John  Galbraith  by  name. 
I  told  him  that  I  did  know  him  and  that  I  was  then  studying 
under  him.  He  said  to  me :  ''He  is  the  finest  man  I  have  ever  met. 
he  tells  the  best  stories — I  would  like  him  to  visit  here  again.  You 
come  with  me  and  sleep  in  a  bed  to-night."  and  we  drank  the 
professor's  health  from  a  black  bottle,  and  thanks  to  him.  I  slept 
in  a  bed  that  night,  the  first  in  four  months. 

There  were  five  of  us  who  graduated  in  the  class  of  1884, 
a  striking  contrast  with  present  times.  I  shall  never  forget  his 
farewell  address.  Calling  us  together,  he  told  us  that  now 
having  completed  our  course  at  the  school,  we  must  start  out 
in  the  world  with  the  idea  in  our  minds  that  we  knew  nothing 
whatever  about  engineering,  and  should  commence  our  practical 
work  at  the  bottom.  It  was  characteristic  of  the  man's  modestv 
and  thoroughness:  nc\er  was  better  advice  given,  for  we  started 
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out  in  the  world  with  no  false  notions  of  our  importance,  and 
worked  our  way  up  gradually  without  friction. 

Those  of  our  younger  graduates  whom  J  have  met  in  recent 
years,  as  well  as  the  older  ones,  have  nearly  all  appeared  to  me  as 
having  some  certain  characteristics  in  common,  namely,  thor- 
oughness and  modesty.  I  know  of  none  who  have  been  failures 
in  life. 

After  leaving  the  school  his  personal  interest  did  not  cease, 
for  he  looked  upon  his  old  students  as  his  children.  My  own 
correspondence  with  him  has  been  kept  up  steadily  during  the 
past  twenty-five  years,  and  so  it  has  been  with  many  others. 

Dr.  Galbraith  brought  to  his  life's  work  a  -are  fitness  for  it, 
for  besides  the  i)ersonality  which  I  have  spoken  of,  not  only  were 
his  academic  attainments  of  the  highest,  but  his  practical 
experience  in  his  profession,  in  railroad  work,  on  surveys,  and 
in  the  shops  was  most  thorough.  His  broad  experience,  there- 
fore, enabled  him  to  separate  as  it  were  the  wheat  from  the  chafif, 
in  our  work,  and  temper  theory  with  practical  experience.  He 
impressed  us  with  the  fact  that  wdiile  theory  was  right  as  far  as 
it  went,  we  were  liable  to  forget  some  very  important  things  in 
our  premises,  and  that  therefore  wc  should  always  scan  our  con- 
clusions from  the  perspective  of  common  sense,  always  seeking 
for  and  considering  carefully,  the  results  of  practical  experience. 

Had  he  chosen  to  follow  the  practice  of  his  profession  rather 
than  teach,  he  would  undoubtedly  have  been,  before  this,  at  the 
top  of  his  profession  in  Canada.  Only  recently,  as  a  member  of  the 
Royal  Commission  on  the  Quebec  Tiridge  disaster,  together  with 
his  able  colleagues.  Messrs.  Holgate  and  Kerry,  he  labored  most 
indefatigably  without  cessation  for  eight  long  months,  and  the 
report  submitted  bv  this  commission  was  characterized  by  the 
leading  technical  journals  in  the  L'nited  States  as  being  the 
most  able,  thorough  and  \alual:)le  that  has  ever  been  pub- 
lished, in  any  language,  of  a  groat  engineering  disaster, 
the  lessons  of  which,  not  only  from  the  technical  stand- 
point, but  from  that  of  organization,  morale  and  business 
methods,  are  so  clearly  set  forth  as  to  make  it  a  most 
\aluable  contribution  to  engineering  literature  antl  worthy 
of  the  careful  study  of  any  engineer,  no  matter  in  what  special 
lines  he  mav  be  working.  1  ma\'  note,  too,  that  in  this  rcjiort, 
while  the  facts  have  been  most  clearly  set  forth,  the  human 
spirit  of  charity  and  sympatliy  with  the  untorlunate  engineers 
upon  whose  slmulders  llu'  responsibilit\-  for  the  di<,'istei"  rests, 
permeates  it. 

Of  this  Commission,  a  colleague.  Mr.  I\err\-,  formerly  a 
professor  at  McGill  I  niversitv,  and  now  a  \  er\  ])rominent 
consulting  engineer,  who  had  lieen  closely  and  intimately 
associated  with  Dr.  (lalbraiih  f' ir  mdutlis,  told  me  that  he  wa« 
one  of  the  most  likable  men  lie  li;id  e\  tr  met  and  a<ked  me  if  we. 
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his  old  pupils,  realized  how  big  a  man  he  was.  \'ery  quickly  I 
reassured  him  f)n  this  point. 

I  will  digress  a  minute  to  quote  further  what  Mr.  Kerry  has 
to  say  about  him  from  an  article  in  Engineering  Xews,  published 
a  few  months  ago,  when  Dea;n  Galbraith  was  elected  president 
of  the  Canadian  Society  of  Civil  Engineers.     He  says : — 

"To  the  development  of  the  School  of  1 'radical  Science  Dr. 
Galbraith  has  devoted  the  whole  of  his  time  and  abilities,  con- 
sistently refusing  to  undertake  professional  work  as  a  consulting 
engineer  whenever  it  was  likely  to  interfere  with  his  duties  as 
a  teacher.  The  School  of  Practical  Science  is  to-da}-  the  largest 
and  most  rapidly  growing  engineering  school  in  Canada.  This, 
while  in  a  measure  due  to  the  great  prosperitv  of  the  Province 
of  Ontario,  must  in  large  part  be  credited  to  the  work  that  has 
been  done  by  Dr.  (jalbraith  :  for  the  successive  classes  of  grad- 
uates have  recognized  the  thoroughness  of  their  training,  the 
simple  devotion  to  duty  of  their  professor,  the  soundness  of  his 
professional  knowledge  and  the  manliness  of  his  personal  charac- 
ter so  fully  that  it  is  questionable  whether  any  other  engineering 
school  on  this  continent  gets  such  enthusiastic  advertising  and 
such  active  personal  support  from  its  own  graduates.  It  is 
characteristic  of  the  man,  and  of  his  estimate  of  his  own  attain- 
ments, that  he  has  repeatedly  refused  permission  for  tlie  publica- 
tion of  his  lectures  and  has  contributed  but  little  to  the  some- 
times too-swollen  stream  of  technical  literature.  Dr.  Galbraith 's 
work  since  1878  may  be  aptly  described  as  that  of  a  fashioner  of 
tools  which  have  been  widely  used  by  other  men  in  the  construc- 
tion of  the  great  engineering  works  of  Canada:  the  standing  of 
the  graduates  of  the  School  of  Practical  Science  is  evidence  of 
the  thoroughness  of  his  fashioning." 

It  is  quite  evident  from  this  article  that  Mr.  l\err\  .  like  all 
of  us,  has  been  unable  to  resist  hypnotic  influences. 

As  I  have  alrcad}-  said,  there  is  no  (piestion  but  thai  Dr. 
Galbraith  would  have  become  a  leader  in  his  ])rofession,  had  he 
chosen  to  follow-  it.  In  fact,  his  ethical  and  technical  (pialities 
would  have  made  him  a  leader  in  wliatever  line  of  work  he  would 
have  pursuefl.  for  his  ])ersonaIity  is  such  as  to  inspire  confi- 
dence in  those  who  might  have  axailed  themselves  of  his 
services,  and  also,  would  cause  those  who  were  under  him  to 
work  most  loyally  and  efficiently  for  their  chief.  Rut  he  could 
not  have  become  greater  than  he  now  is.  His  service  to  the 
state  and  society  from  his  long  years  of  steady,  devoted  adherence 
to  his  life's  work  has  been  invaluable.  He  would  have  been 
wealthier  without  doubt,  but  he  is  one  of  the  few  who.  having 
placed  duty  above  material  things,  has  set  an  example  for  us  all. 

The  growth  of  the  Faculty  of  .\]-)plied  ."Science  has  been 
phenomenal.  In  thirty  years  it  has  grown  fmni  about  30  in  all 
the  classes  to  770.  This  great  increase  has  inxolved  a  tremendous 
amount  of  work  on    the   p.'M't  of  the   faculty   and   it-^  leader,  for 
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not  only  was  the  great  increase  in  numbers  of  pupils  to  be  taken 
care  of,  but  these  past  thirty  years  have  been  most  prolific  in 
advance  in  engineering  science,  and  the  School  under  his  able 
leadership  has  kept  fully  abreast  of  the  times,  so  that  now  it 
stands  second  to  none  in  America  in  thoroughness  and  efficiency 
and  ranks  among  the  leading  technical  schools  of  the  w^orld. 

The  great  success  of  this  institution  has  undoubtedly  been 
due  to  Dr.  Galbraith,  but  we  give  full  credit  also  to  the  very  able, 
efficient  and  loyal  support  he  has  had  from  his  colleagues  in  the 
faculty,  and  to  Dr.  Ellis  in  particular  I  may  refer  as  being  one  of 
the  old  guard  whom  we  remember  most  pleasantly  and  gratefully 
from   the  old  days. 

Dr.  Galbraith's  life  furnishes  an  object  lesson  to  ever}'  one  of 
us — the  value  of  thoroughness,  modesty,  and  human  sympathy  in 
all  the  walks  of  life;  and  although  all  cannot  be  at  the  top  of  the 
ladder,  we  still  can  be  steadfast  and  conscientious  in  our  day's 
work,  and  above  all,  be  respected  wherever  our  lot  in  life  should 
happen  to  fall. 

We.  his  old  pupils,  are  his  life-long  friends.  We  ow^e  him  a 
debt  which  can  never  be  repaid.  We  wish  him  many,  many 
more  happy  years  of  life  and  usefulness,  and  we  give  him  our 
blessings. 

This  ])ortrait,  the  work  of  Mr.  J.  W.  L.  Forster,  is  the  gift  of 
practically  all  the  graduates  and  undergraduates  in  the  Science 
Department,  and  our  sincere  thanks  are  due  him  for  the  faithful 
and  sympathetic  likeness  which  he  has  produced. 

.\s  marking  the  anniversary  of  the  thirtieth  year  (^f  Dean 
Galbraith's  connection  with  this  institution,  and  as  a  small  token 
of  our  api)reciation  of  his  services  to  us,  we  take  great  pleasure 
in  presenting  to  you.  sir,  for  the  University  of  Toronto,  this,  the 
portrait  of  one  of  its  most  gifted  and  worthy  sons,  and  of  one 
of  its  most  beloved  preceptors. 
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ADDRESS— ROBERT  MOND- 

Gentlemen — Principal. 

Your  Professor  Ilaultain  has  requested  me  to  address  a  few- 
words  to  vou.  a  re(|iiest  which  gives  me  peculiar  pleasure  to  be 
able  to  accede  to. 

You  vvtio  have  assembled  here  from  all  j)arts  of  the  Domin- 
ion in  order  to  acquire  the  knowledge  requisite  for  the  devel- 
opment of  the  many  and  varied  mineral  resources  of  the  noi- 
thern  and  greater  part  of  this  Continent  are  squaring  your 
shoulders  to  take  up  a  burden  whose  magnitude  and  whose 
importance  are  scarcely  to  be  over-estimated. 

All  the  faculties  with  which  your  forbears  and  surround- 
ings have  endowed  you  will  find  scope  for  their  widest  develop- 
ment. Onlv  by  your  whole-hearted  devotion  and  attention, 
accompanied  by  reverence,  both  to  those  w*ho  teach  you  by 
word  and  by  letter,  will  enable  you  to  worthily  prepare  your- 
self for  )-our  life's  work. 

Tlliose  of  3-ou  who  are  preparing-  yourselves  for  mining 
will  have  to  ac([uire  a  moral  and  mental  probity  and  rectitude 
such  as  is  demanded  of  few  of  }our  fellow  mortals.  On  your 
opinion,  though  not  directly  expressed  for  publication,  not  only 
fortunes  but  the  weal  or  woe  of  widows  and  orphans  may  de- 
pend. You  will  be  responsible  for  the  welfare  of  many  indi- 
viduals (jf  various  types  and  nationalities.  You  will  be  held 
responsible  for  the  safety  of  irresponsible  subordinates.  And 
proceeding  to  technicalities  you  will  have  to  recognize  the  occur- 
rence and  size  of  the  ore  deposit,  determine  its  position,  decide 
its  develoi^ment.  the  correct  system  of  drainage,  the  methods 
of  concentration,  of  roasting  and  smelting,  possibl}^  of  refining, 
and  the  arrangements  for  transportation.  This  involves  a 
knowledge  of  geology  to  determine  the  stratification  and  geo- 
tectonic  slruclnre  of  the  enxironment.  mineralogy  to  enable  you 
to  identify  \dur  minerals,  chemistry  to  enable  you  to  assay 
your  ores  and  understand  the  theory  of  your  smelting  process, 
the  mechanical  parts  of  physics  to  understand  the  principles  of 
your  concentrating  processes;  mechanical  engineering  to  keep 
your  plant  running;  electrical  engineering.  w*here  electricity 
is  axailable ;  cixdl  engineering  for  your  methods  of  transpor- 
ting, and  architecture,  as  it  ajjplies  to  the  buildings  which  you 
will  have  to  erect. 

It  would  not  be  humanly  possible,  and  no  one  would  e.xpecL 
it  of  \-ou,  to  be  paslmasters  in  the  formidable  list  of  different 
branches  of  knowledge  I  have  thus  enumerated:  but  the  more 
\nu  know  nf  all  these  branches,  and  especially  the  more  effi- 
cient you  are  in  any  one  of  them  the  more  useful  and  efficient 
will  you  be  in  your  future  career. 

And  here  let  me  warn  you.  ^'ou  must  not  anticipate  that 
the  few  vears  \  on  will  sixMid  at  this  I'liiversitv  will  enable  you 
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to  attain  to  this  knowledge.  That  is  not  its  object.  But  you 
will  he  taus4"ht  and  you  will  acquire  the  system  and  method 
which  will  train  your  mind  to  assimilate  this  knowledge  from 
hour  to  hour  and  day  by  day,  when  you  have  said  farewell  to 
your  Alma  Mater,  and  as  you  advance  in  years  your  thoughts 
will  turn  in  deep  and  earnest  thankfulness  to  those  who  have 
aided   vnn   in  your  own   evolution. 

\'ou  will  be  called  upon  to  go  forth  to  the  uttermost 
corners  of  the  earth  among  strange  people,  and  stranger  con- 
ditions, to  examine  strange  propositions.  You  will  be  unaided, 
unguided  and  unchecked,  surrounded  'by  people  whose  self- 
interests  may  be  diametrically  opposed  to  yours  or  those  of 
}'our  employers. 

Vou  will  be  exposed  t(j  personal  discomfort,  if  not  danger, 
to  the  wiles  of  the  unscru])ulous.  and  to  the  facile  lie  of  ignor 
ance.  \'ou  wdll  have  to  read  htunan  characters  and  learn  lo 
use  your  enemies  as  well  as  your  friends.  You  will  be  liable 
to  maligning,  overt  or  dissimilated  attempts  at  corruption ; 
hence  1  say  to  you  that  you  require  a  code  of  honor,  a  standard 
of  morality  higher  than  is  generally  demanded  of  mankind. 

In  the  management  of  men  t'here  is  only  one  rule  which 
is  universally  accepted,  and  that  is  an  absolute  fairness  and 
justice,  well  designated  as  scpiare  dealing,  with  those  one  em- 
ploys. All  favoritism  is  as  disastrous  to  an  employer  of  labor 
as  it  ever  was  to  the  proudest  monarch  history  records. 

A  thorough  knowledge  of  geological  principles  will  pre- 
vent }-ou  from  searching  for  one  wdiere  it  could  not  possibly 
occur,  it  will  give  you  valuable  information  in  regard  to  folds 
and  faults.  ])ul  it  will  ne\-er  tell  }-ou  whether  the  ore  is  payable. 

The  tise  of  mineralogy  in  cnal)ling  vou  to  ]M"o])erly  classify 
your  ores  is  self-evident.  I)ut  chemistr\-  is  xour  ninsi  important 
helpmate. 

It  tells  you  wliether  your  ore  or  your  rock  goes  on  the 
dump,  whether  your  slopes  arc  worth  working,  whether  your 
tailings  are  not  richer  than  }-our  ore,  whether  your  water 
corrodes  \-our  ])umps  and  lioilers  and  whct'her  yoiu"  coal  is  not 
heating  air  instead  of  water.  And  in  smelting  and  relining  you 
are  dealing  with  purely  chemical  reai-tions.  There  chemistry 
will  tell  you  whether  your  cyanide  runs  down  the  drains  or 
your  metals  awa}-  with  the  slags,  whether  your  water  is  fit  n 
drink  or  your  air  fit  to  breathe:  and  chemistry  not  only  warns 
}ou,  but  also  tells  you  how  to  rcctif}-  any   error  thus   made. 

In  conccnlration  plants,  either  dr\-  centrifugal  magnetic  or 
wet,  with  or  without  oil.  the  jdiysical  projierties  of  mat- 
ter are  of  the  greatest  im])ortance.  Ycnw  processes  depend  on 
graduation  both  of  volume  and  weight  and  you  will  find  by 
Ci:reful  and  conscientious  experiments,  that  concentrating  plants 
and  concentrating  plant  manufacturers"  catalogues  are  not 
synonymous. 

One   of  your   most    important    and    conscientious    tasks    will 


ADDRESS— ROBERT    .MOXD  49 

be  that  of  sampling-.  Here  again  it  is  only  by  fully  under- 
standing the  underlying  principles  that  you  will  be  able  to 
adapt  methods  to  your  materials  which  will  give  you  concor- 
<:lant   resvdts. 

Vou  will  have  to  be  expert  surveyors  and  neat  and  quick 
draughtsmen  or  your  experience  may  tally  with  that  of  the 
Roman  engineer  wdio,  in  the  second  century  A.D..  having  to 
drive  a  tunnel  for  the  conveyance  of  water  through  a  mountain 
in  the  ancient  province  of  r\Iauretania  (the  present  ^Morocco) 
surveyed  the  mountain  and  started  to  w^ork  from  each  end. 
After' some  time  the  contractor  was  sent  for  by  the  Governor 
of  the  Province,  as  the  work  showed  no  sign  of  completion, 
SA^d  it  was  found  that  each  party  of  miners  deviating  slightly 
to  the  side  had  nearly  driven  two  tunnels  through  the  mountain. 

Of  mechanical,  electrical  and  civil  engineering  you  will  ac- 
quire the  rudiments  and  you  will  have  many  opportunities  of 
perfecting  your  knowledge  by  subsequent  experience.  Mining 
engineering"  proper  you  can  only  learn  in  a  mine.  But  your 
own  personal  experience  will  of  necessity  be  limited  to  special 
cases,  and  you  must  seek  every  opportunity,  both  by  reading 
and  seeing,  to  acquire  as  extended  a  knowledge  as  possible. 

The  correct  type  and  use  of  rock  drills,  the  most  advan- 
tageous methods  of  blasting,  the  correct  methods  of  supporting 
the  roof  of  the  mine,  the  timbering  of  s'hafts  and  of  levels,  the 
methods  and  means  of  extracting  the  ore,  the  determining  of 
the  boundaries,  all  so  varied  in  application,  are  still  reducible 
lo  a   few  leading  ])rinciples  which  you  will   have  to  acquire. 

-Vnd  as  regards  exploration,  the  first  necessity  for  this  is 
an  adequate  knowdedge  of  similar  ore  deposits  situated  in  the 
vicinity,  or  in  other  parts  of  the  world,  which  from  analogy 
enable  you  to  understand  their  general  mode  of  occurrence, 
their  recognized  methods  of  extraction  and  their  probable  ori- 
gin. We  are  not  endowed  with  a  sense  which  enables  us  to 
see  through  a  piece  of  rock,  and  the  mechanical  means  which 
have  So  far  been  elaborated — magnetic  surveys,  diamond  and 
other  drilling,  stripi)ing  cross-cut  pits  and  shafts  are  both 
expensi\-e  and  laborious  methods  of  acquiring  uncertain  infor- 
mation. \'ou  must  consequently  be  well  acquainted  with  the 
use  and  abuse  of  these  methods  so  that  you  can  employ  them 
as  nseftil  tools  for  aiding  yt)ur  judgment  and  keep  continually 
aware   oi   their  strict    limitations. 

In  whatever  branch  you  may  be  occupied  one  thing  aI)ovc 
all  others  will  be  required  of  you,  and  that  is.  that  you  embody 
your  observations  or  findings  in  a  clear,  logical  and  concise 
report.  To  few  is  given  the  gift  to  do  so,  therefore  the  greater 
the  necessity  of  accptiring  the  habit  of  study.  It  is  of  equa' 
advantage  to  the  writer  and  to  the  recipient,  as  it  compels  the 
former  to  recapitulate  and  arrange  in  his  mind  the  data  for 
which  he  is  responsible,  whilst  for  his  superior  or  employer  the 
ri  ports  are   the  best   means  for  gauging  his  capacity  and  char- 
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acier  irrespective  of  the  value  of  the  report  as  reg:ards  the  mat- 
ter in  hand. 

A  knowledge  of  book-keeping-  and  store  and  stock-keeping- 
should  be  acquired.  The  metliods  are  simple,  and  proper 
oiganization  immensely  facilitates  one's  work  and  prevents 
waste  and  worry. 

And,  finally,  if  you  have  discovered  and  developed  a  mine, 
extracted,  concentrated  under  economical  conditions  a  valuable 
ore,  this  is  only  the  first  step  in  making  the  metal  therein  con- 
tained available  for  human  use.  It  now  has  to  undergo  a  refin- 
ing process  and  be  converted  into  a  shape  such  as  is  required 
by  the  market. 

This  involves  an  entirely  new  state  of  affairs.     Up  to  this 
stage  all  the  necessary  operations  have  had  perforce  to  be  car- 
ried on  in  close  proximity  to  the  mines  so  as  to  reduce  to  a 
minimum  the  transport  of  waste  material. 

In  the  refinery  the  ore  is  only  one  of  scxeral  raw  materials. 
It  is  usually  tlie  most  valuable,  and  hence  best  able  to  stand 
heavy  transportation  charges.  Others,  such  as  fuel,  fluxes. 
IKiwer.  acids  and  other  chemicals  are  more  bulky  and  mostl)- 
Itss  valuable  than  the  ore.  Proximity  to  the  readiest  means  of 
transportation  giving  access  to  the  world's  markets  for  the  fin- 
ished products  and  bye-products  will  be  the  determining  factor 
of  its  location. 

Refineries  are  also  associated  with  a  large  numl)cr  of  cog- 
nate industries  who  draw  upon  the  refinery  for  their  raw  ma 
terial.  Their  proximity  not  only  reducing  cost  of  transporting^ 
but  also  enabling  the  consumer  to  s])eedily  obtain  rectification 
oi  errors  and  attention  to  his  individual  reciuiremcnts  an  ele- 
ment of  the  utmost  importai-ice  in  the  rational  and  logical  devel- 
opment of  an  industry. 

Those  of  you  who  will  hereafter  be  associated  in  the  manu- 
facture of  the  numerous  alloys  of  iron,  will  learn  the  part  the 
composition  of  your  ore  will  play  in  the  sitbsequent  usefulness 
of  the  pig  iron  produced.  How  phosphorus  silicon,  nian- 
ganese,  chronium.  tungsten,  titanium  nickel  and  vanadium, 
not  forgetting  carbon  will  essentially  alter  its  character.  Even 
the  student  of  history  and  political  econoni}-  will  be  surprised 
at  the  overwhelming  importance  the  use  of  melals  has  played 
both  in  the  ancient  and  the  most  recent  times,  even  as  the- 
neolithic  stone  age  was  conquered  by  copper,  this  by  brcn/.e,. 
and  that  by  iron  and  steel.  We  find  that  in  the  17th  century 
the  adoption  of  coal  by  the  iron  industry  aboli'^hed  the  iron 
industry  of  the  South  of  England,  and  drove  it  into  the  coal 
fields.  ^Ir.  Gilchrist  Thomas'  invention  of  the  basic,  instead  ot 
the  acid  lining  of  the  open  hearth  furnace  enabled  Germany  to- 
build  up  its  imniense  iron  industry  on  the  i>hosphate  iron  ores 
of  the  R'henish  Province  ,  Westphalia  and  Luxemburg.  The 
celebrated   Saracenic    [Damascus  blades  of  the  time  of  tlie  Cm- 


ADDRESS— ROBERT    MOXD  51 

saders  owned  tlieir  excellence  to  an  admixtnre  of  nickel  which 
now  again  is  used  in  (Uir  most  powerful  engines  of  war. 

The  search  for  ores  and  refining  of  metals  provided  one  ot 
the  earliest  means  of  human  interchange.  W'e  learn  that  Egyp- 
tian Kings  of  the  3rd  Dynasty  about  4,000  B.C.  secured  copper 
ores  in  the  Sinai  peninsula.  We  have  plans  and  workings  of 
the  time  of  Seti  of  the  XIX  Dynasty  about  1300  B.C.,  Crete  and 
Cvprus  grew  rich  on  copper.  Athens  on  the  lead  silver  mines  of 
Laurin.  The  Etruscans  based  their  industry  on  their  copper 
and  tin  mines,  the  Phoenicians  sought  gold  in  Africa  and  tin  in 
Cornwall.  The  Romans  worked  tin.  gold,  silver,  lead  and  cop- 
per mines  over  the  whole  of  their  Empire  up  to  its  confines  in 
Northumberland  and  Spain,  and  in  turn  the  Spaniards  over- 
threw the  Empire  of  the  Inca  s  and  Aztec's  in  their  search  for 
gold  on  the  South  American  Continent.  German  miners 
broug'ht  over  by  Queen  Elizabeth  revived  the  mining  industry 
of  England,  and  thence  the  mines  of  the  most  distant  parts  of 
the  world,  from  the  Yukon  to  Tasmania,  have  had  to  yield 
their  share  of  the   world's  riches. 

And  through  these  ages  the  advance  of  metallurgy-  can  be 
traced  through  the  successive  recognition  of  the  elements  of 
which  middle  ages  are  composed.  From  the  middle  ages  on- 
ward before  which  only  the  four  elements  of  Aristoteles  were 
admitted  each  succeeding  generation  succeeded  in  isolating, 
and  hence  learning  to  separate  from  additional  metal  or  ele- 
ment, and  this  process  is  so  far  from  being  exhausted  that  my 
friends.  Lord  Rayleigh  and  Sir  William  Ramsay,  only  recently 
succeeded  in  finding  in  ordinary  air  a  new  constituent  gas,  organ 
which  constitutes  nearly  one-hundredth  part  of  its  volume, 
Vsdiilst  subsequently  Sir  William  Ramsay  has  succeeded  in  find- 
ing some  three  niDrc.  rranimn  lias  yielded  radium  to  Madame 
Curie,  Bismuth  polonium  and  thorium  actinium,  whilst  my 
friend.  Sir  William  Crookes,  has  still  quite  a  number  of  unde- 
fined rare  earths  of  the  Didymia-Yttria  type  awaiting  complete 
isolation. 

Complete  analysis  of  the  metal-bearing  constituents  of  the 
Igneous  rocks  have  taught  us  of  the  wide  dispersion  of  the  ele- 
ments in  the  earth's  crust,  whilst  the  recent  application  of  such 
rare  elements  as  Thorium  and  Cerium  to  the  incandescent  gas 
mantel,  as  discovered  by  Dr.  Auer.  from  Welsbach.  plainly 
teaches  the  impossibility  of  predicting  the  useful  application  of 
an  obstruse  scientific  discovery,  which  is  equally  borne  out  by 
the  recent  industrial  ap])lication  of  (Jsmium  and  Tantalum  to 
electric  lighting. 

These  recent  disc(i\eries  should  be  auguries  of  great  hope 
to  all  of  you,  demonstrating  the  great  harvest  that  awaits  a 
reaper  and  which  can  only  be  garnered  by  undcxiating  devotion 
and  application  to  ihe  subject  of  one's  study.  X<t  reaction  is 
so  obstruse  aiid  no  object  so  insignificant  that  a  diligent  study 
will  not  vield  a  rich  reward  to  the  searcher.    The  C(^llection  and 
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c'lassificat'on  of  a  few  petrefactions  and  fossils  has  enabled  us 
to  actually  determine  the  relative  successions  of  the  layers  of 
the  earth's  crust,  and  just  as  finding  a  few  fossils  characteristic 
of  the  strata  underlying  the  coal  will  convince  us  of  the  futilit)- 
of  further  search  for  coal  similarly  the  determination  of  the 
beds  overlying'  it  will  give  you  the  desired  indication. 

The  way  which  has  to  be  traversed  from  the  exjiei  iiUL-ntal 
determination  in  a  scientific  laliorator}-  to  the  practical  appli- 
cation on  a  large  scale  under  technical  conditions  is  a  long  one 
and  fraught  with  many  difificulties.  The  peculiar  aptitude  of 
mind  which  is  best  adapted  for  solving"  scientific  ])roblems  in 
the  laboratory  is  only  \ery  rarely  accompanied  by  the  power 
oi  expansion  and  assimilation  rccpiired  by  the  new  set  of  factors 
involved  by  operations  on  a  technical  scale.  Hence  no  new 
process  fresh  from  the  laboratory  can  hoi)e  for  success  unless 
those  who  take  it  in  hand  have  both  knowledge  and  perse- 
verance which  will  enable  them  to  laboricjusl}-  and  systemat- 
ically grapple  with  the  difificulties  as  they  arise,  and  use  their 
accumulated  experience  to  the  solution  of  the  problem.  It 
has  often  been  said  that  we  only  learn  In-  failure.  Unfortu- 
nately in  technical  processes  no  records  of  the  failures  are 
extant  from  which  we  might  learn  what  to  avoid.  Hence  we 
see  many  promising  processes  in\-ol\-e  the  ruin  of  their  in\en- 
tor,  whilst  in  subsecpient  years  the  same  ])rocess  may  become 
one  of  world-wide  adaptation,  and  if  we  search  for  the  cause 
we  frequently  find  that  another  invention  of  an  entirelv  dififer- 
ent  nature  has  bridged  a  gaj)  or  made  some  operation  econom- 
ically possible.  I  might  give  you  as  an  example  the  improved 
treatment  of  the  extraction  of  gold  from  the  ores,  first  by  the 
introduction  of  tlie  cyanide  process:  secondly.  In-  tlu  ap])li- 
eation  ol  this  process  to  still  poor  and  formerly  unrennmera- 
ti\c  ores  by  the  adoption  of  a  new  and  more  economic  crushing 
apparatus,  namely,  the  tube  mill  instead  of  the  battery  stamp. 
Neither  of  these  have  any  reference  to  the  cyanide  process,  yet 
a  more  efficient  crusher  has  materially  increased  our  resources. 
1  could  cite  you  many  similar  examples,  and  also  the  converse, 
where  some  new  invention  has  facilitated  a  large  number  of 
known  ])rocesses  such  as  api)lication  of  electricity  as  a  motor 
power  to  scatterrd  units,  or  to  the  application  of  steel  specially 
prepared  tor  armour  piercing  shells  to  the  jaws  of  the  stone 
crusher,  or  the  ai)plication  of  ice-making  machinerv  to  shaft 
sinking  and   cpiicksand. 

In  this  connection  I  may  be  perinitte<I  to  refer  to  nn- 
tatluM-'s  discoxery  of  the  extraction  of  nickel  from  its  ores  bv 
the   nickel   carbonyl   process. 

My  father.  I  )r.  Ludwig  Mond.  had  devi>ed  a  method  for 
obtamuig  hydrochloric  acid  directly  from  the  ammonium  chlor- 
ide, which  is  a  by-product  of  the  ammonia  soda  process.*  The 
method  consisted  in  passing  the  vapour  of  XlT.Cl  over  mag- 
nesia, and  the  apparatus  was  fitted   with   mckel   \al\is.  because 
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this  metal  is  not  acted  upon  by  the  vapour  of  Xll^Cl.  On  the 
laboratory  scale  these  valves  worked  perfectly,  but  on  the 
manufacturing-  scale  they  became  covered  by  a  black  crust  of 
carbon  and  became  leaky.  This  was  traced  to  the  presence  of 
a  trifling  quantity  CO  in  the  large  scale  plant  and  this  led  to 
the  investigation  of  the  action  of  nickel  on  carbon  mononide. 
This  finely  divided  nickel  reduced  by  hydrogen  at  a  tempera- 
ture of  400° C  was  treated  with  CO  in  a  glass  tube  at  varying 
temperatures  for  a  number  of  days,  and  was  then  cooled  down 
in  a  current  of  CO.  To  get  rid  of  the  poisonous  CO  the  gas 
was  lit  as  it  escaped  from  the  apparatus.  When  the  apparatus 
v>-as  cooling  down  the  gas  became  luminous,  and  increased  in 
luminositv  as  the  temperature  fell  below  100°C  On  a  cold 
plate  of  porcelain  put  into  this  'luminous  metallic  spots  were 
deposited  similar  to  the  spots  of  arsenic  in  Marsh's  test.  On 
treating  the  tube  through  which  the  gas  was  passing  a  metallic 
njirror  was  obtained  and  the  luminosity  disappeared.  These 
mirrors  were  found  to  consist  of  pure  nickel.  The  best  results 
were  obtained  by  treating  nickel  with  CO  at  50°C,  and  by 
passing  the  gas  so  obtained  through  a  tul)e  cooled  with  snow 
and  salt  licpiid  nickel  carbonyl  was  obtained,  freezing  at 
—  25°C.  ])oiling  at  4i"C  and  decomposing  at  150°  into  its  com- 
ponents, CO  being  set  free  and  nickel  being  deposited  as  a 
dense  metallic  film  on  the  side  of  the  vessel  in  which  it  is 
heated.  A  large  plant  was  erected  near  P»irmingham  to  utilize 
these  discoveries  for  the  production  of  nickel  from  Canadian 
nickel  copper  matte  from  Sudbury. 

The  matte  which  contains  40%  nickel  and  an  equal  quan- 
tity of  copper  is  carefully  roasted  to  drive  oflf  sulphur,  and  is 
then  subjected  to  the  action  of  water  gas  or  producer  gas  rich 
in  hydrogen  in  an  apparatus  called  a  "reducer",  at  a  tempera- 
ture never  exceeding  400° C.  From  this  a])paratus  the  sub- 
stance now  reduced  to  the  metallic  state  is  carried  to  the  "vola- 
tilizer".  in  which  it  is  subjected  at  a  temperature  not  exceeding 
80°C  to  the  action  of  CO  gas. 

The  CO  gas  charged  with  nickel  carbonyl  lea\'ing  the  vola- 
tilizer  is  passed  through  tubes  or  chambers  heated  to  180°C.  in 
which  the  nickel  is  deposited  and  the  CO  is  used  over  again. 

r>nt  the  main  lesson  brought  out  by  these  consideration.? 
's  the  interrelation  of  all  ])ranches  of  human  knowledge  and 
endeavor.  We  all  and  each  one  of  ns  are  conscientiously  or 
unconscientiously  increasing  the  scope  of  human  knowledge, 
and  the  more  facile  we  are  in  the  task  allotted  to  us,  and  in 
.seeking  for  the  truths  with  a  single  "1".  the  further  shall  we 
l)roceed  in  the  direction  of  increasing  the  ]n-oductivity  of  the 
individual,  assuring  him  of  a  greater  share  in  the  world's 
goods  and  of  leisure  to  partake  of  them,  while  his  work  shal; 
Iteconu-  his   most   enioyable   occupation. 

journal  Soc'etv  Chemical  Imlustry,  Nov.  30th.  1895. 
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A  PLEA  FOR  THE   BUSINESS   TRAINING   OF   THE 

ENGINEER 

R.  A.  ROSS,  E.E.,  (Toronto). 

The  only  justification  in  the  eyes  of  the  community  lor  the 
existence  of  the  engineer  are  the  results  which  he  obtains.  His 
business  is  a  purely  utilitarian  one,  the  object  being  the  produc- 
tion of  value.  Value  is  not  measured  by  the  cost  of  an  engineer- 
ing construction,  but  by  the  results  obtained  therefrom  when 
used  as  a  tool  for  the  extraction  of  dividends.  The  value  of  the 
engineer  to  the  community  being  determined  by  the  results 
obtained  from  his  engineering,  it  becomes  pertinent  to  inquire 
when  such  results  are  shown.  These  become  apparent  only 
when  the  work  for  which  he  was  responsible  has  been  in  opera- 
tion for  a  time  and  operating  profits  or  losses  can  be  determined. 

Without  drawing  the  lines  too  closely  there  may  be  con- 
ceived to  be  three  stages  in  the  life  of  an  enterprise : 

1.  The  scientific — when  the  tool  is  forged  by  the  engineer. 

2.  The  business — when  methods  of  using  the  tool  are 
evolved  and  used. 

3.  The  economic — when  the  results  of  the  tool  and  its 
handling  become  apparent. 

The  engineer  as  a.  purely  technical  man  will  consider  his 
work  done  at  the  end  of  the  first  stage,  leaving  to  other  hands 
the  completion  of  the  task  and  the  obtaining  of  results  therefrom. 
This  tendency  is  fathered  by  the  purely  technical  nature  of  the 
training  which  he  has  received,  fostered  by  a  lack  of  business 
knowledge  in  which  he  finds  himself  deficient  and  ingrained  in 
his  system  by  the  attitude  of  the  business  world  towards  him, 
which  believes  the  engineer  to  be  lacking  in  business  ability 
whereas  it  is  only  lack  of  training  and  confidence. 

The  general  resttlt  so  far  as  the  engineer  is  concerned  is  that 
by  keeping  his  nose  so  closely  to  the  technical  grindstone  he  has 
little  opportunity,  or  even  desire,  to  look  up  and  see  what  the 
larger  business  world  is  doing  with  his  product :  he  therefore 
does  not  take  his  real  position  in  the  scheme  of  things  and  attract 
that  attention  to  himself  and  his  profession  which  he  should,  nor 
does  he  do  that  full  justice  to  the  community  which  has  educated 
him,  and  which  has  a  right  to  demand  the  highest  dividend 
possible  on  capital  invested  in  his  training. 

No  remark  is  more  frequently  heard,  especially  among 
financial  and  business  men.  than  that  the  engineer  does  not 
understand  business.  And  this  is  in  general  true.  He  is  there- 
fore hired  by  a  company,  and  regarded  by  it  merely  as  a  species 
of  glorified   plumber.     He   constructs   the   tool    with    which    the 

'Mr-  Ross  is  of  the  firm  of  Ross  and  Holeate,  ConsultiriK  Eneineers.  Montreal,  and  has  recently 
been  eck'seed  to  deliver  a  course  of  lectures  on  the  Business  of  Engineerina.  at  McGill 
University. 
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financial  man  works  and  without  which  he  could  have  no  stand- 
ing" in  the  community,  and  being"  given  this  tool  he  is  a'ble  to 
bring  business  methods  to  bear  and  produce  results,  for  which 
he  and  not  the  engineer  is  given  credit  and  reward. 

The  engineer  is  a  man  with  a  trained  mind,  trained  to 
logical  reasoning  and  deduction,  brought  up  on  good,  old 
Euclid,  thoroughly  grounded  in  rigid  scientific  principles  and 
taug'ht  to  think  straight.  If.  therefore,  he  applies  his  logically 
trained  mind  to  business  and  economic  matters  with  one-half 
the  diligence  which  he  exercises  in  his  purely  engineering  func- 
tions, it  is  difficult  to  see  "why  he  should  not  obtain  better  results 
than  the  business  man  who  generally  has  had  no  real  training" 
in  business,  but  has  absorbed  such  knowledge  as  he  possesses 
from  the  business  atmosphere  surrounding  him — does  not  read, 
study,  or  examine  into  the  real  reasons  of  things,  and  knows  only 
business  usage  and  custom.  If  this  be  doubted,  inquire  from 
business  friends  as  to  the  amount  of  reading  and  real  study  they 
Tiave  given  to  business  matters,  it  will  be  found  to  be  inconsider- 
able. As  a  matter  of  fact,  the  engineer  side-steps  a  business 
proposition  whenever  he  can,  stating  in  effect,  if  not  in  words, 
that  his  business  is  engineering  and  leaves  the  business  of  what 
■should  be  his  work  to  others,  when  given  a  certain  amount  of 
«tudy  and  courage  he  could  settle  these  questions  satisfactory 
for  himself  and  to  the  benefit  of  the  public.  The  reason  for  this 
"attitude  on  his  part  toward  the  field  whicli  ])romises  him  an 
improved  status  as  a  citizen,  a  broader  knowledge  of  the  world 
at  large,  and  increased  dividends,  is  to  be  found  in  the  fact  that 
the  business  part  of  his  training  is  not  taken  up  or  even  hinted 
at  during  his  college  course. 

It  is,  of  course,  impossible  that  an  art  such  a>  Inisiness  is 
-can  be  taught  in  a  college  devoted  to  science,  but  neither  can 
the  art  of  engineering  be  taught  there.  Whether  there  is  a 
science  of  business  is  very  questionable.  There  is  certainlv 
nothing  in  the  nature  of  an  exact  science,  nor  exen  of  an  ap- 
proximate science,  but  there  are  certain  laws  and  general  prin- 
•ciples  which  if  absorbed  by  the  student  during  his  college  course 
would  gi\"e  liini  a  ditTcrent  (»utlook  and  broaden  his  horizon. 
He  would  at  least  learn  that  there  is  nothing  weird  and  incom- 
prehensible in  ordinar}-  business  terms  or  business  methods  and 
therefore  be  encouraged  to  extend  his  field  of  operation  beyond 
the  technical  so  as  to  embrace  the  business  and  economic  end 
of  the  sul)ject. 

If.  howexer.  through  lack  of  ability  or  aptitude  in  business 
matters,  or  through  the  bent  of  his  mind  being  purely  scientific, 
he  does  not  find  an  opportunity  to  expand  in  the  direction  in- 
dicated, yet  he  will  at  least  be  able  to  understand  the  ternis  used. 
and  to  talk  intelligently  to  men  in  the  business  world. 

This  expansion  of  the  Engineer's  sphere  of  usefulness  is 
"evidenced  in  the  career  of  certain  engineers  in  other  ctiuntries 
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who,  beginning"  as  purely  technical  men,  have  since  launched 
out  into  contracting,  and  finally  added  financing  and  operating, 
so  that  they  in  their  business  have  forged  the  tools,  have  used 
them  and  have  obtained  results,  and  the  credit  and  returns  are 
all  theirs. 

The  rapid  expansion  of  industrialism  is  making  its  demands 
for  trained  men  felt  more  and  more,  and  engineers  are  being 
chosen  for  administrative  offices  in  large  corporations  and  as 
the  directing  forces  in  large  enterprises,  and  this  tendency  must 
of  necessity  increase,  and  who  are  better  fitted  to  operate  under 
directions  of  the  laws  of  men  and  with  a  knowledge  thereof 
than  those  who  have  built  well  under  the  much  more  rigid  and 
exacting  laws  of  nature. 

In  anv  system  of  engineering  training,  science  must  of 
necessity  be  the  foundation,  but  upon  this  foundation  the  en- 
gineer may  erect  a  superstructure  which  will  be  visible  to  the 
pu1)lic.  and  attract  attention  to  the  fact  that  he  is  a  power  in 
the  community.  This  superstructure,  which  may  readily  be  a 
part  of  engineering,  is  dedicated  tt»  the  business  and  financial 
departments  of  his  business;  without  the  foundation  the  struc- 
ture is  useless,  but  the  foundation  itself  not  being  visible  re- 
ceives precious  little  attention  from  the  communit}-  when  ihe 
building  is  complete.     The  basement  rentals  are  also  low. 

The  institutions  wherein  engineers  are  taught  must  in 
justice  to  the  profession  keep  pace  with  this  tendency,  and  that 
they  are  beginning  to  do  so  is  evidenced  by  the  fact  that  a 
number  of  colleges  in  other  countries  have  added  to  their 
purely  technical  studies  a  course  on  the  business  and  economic 
aspects  f)f  engineering.  In  this  country.  .McGill  is  about  to  set 
fhe  example,  and  it  would  appear  that  the  other  technical  schocds 
will  have  to  follow  suit  or  their  graduates  will  be  distanced  in 
the  race  for  preferment. 

'inhere  are  two  arguments  against  adding  a  course  of  this 
kind  to  the  curriculum  of  a  science  school — 

1.  iliat   the  students  are  alread}-  o\erbur(lene(l   with   work. 

2.  The  reluctance  of  the  authorities  to  teach  anytliing  but 
science. 

As  regards  the  first,  it  seems  to  be  a  cjuestion  as  to  whether 
certain  of  the  more  purely  scientific  studies  coidd  not  if  neces- 
sary be  drop])ed  in  favor  of  the  more  practical  course  here- 
advocated,  but  it  is  thought  that  this  may  not  be  necessary  as 
a  fairly  extensive  course  can  be  gi\cn.  covering  only  the  prin- 
ciples of  business,  without  overburdening"  the  student,  for  the 
reason  that  his  training  having  been  along  rather  strenuous 
lines,  demanding  a  high  degree  of  concentration,  the  study  of 
the  mechanism  of  business  will  be  found  to  be  child's  play  by 
comparison. 

The  second  objection  can  be  met  by  asking  whether  the 
college  is  not  for  the  inculcation  of  principles.     If  this  is  true  a.s 
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regards  science,  why  not  as  regards  the  business  of  engineering. 

The  engineer  as  he  develops  and  gets  away  from  purely 
technical  routine  work  is  supposed  to  be  able  to  draw  up 
specifications,  make  contracts,  hire  and  direct  labor,  and  report 
on  properties.  These  are  within  his  legitimate  field  as  at  present 
understood,  and  yet  all  of  these  demand  that  he  should  have  in 
reason  a  knowledge  of  money  and  values,  of  business  methods 
and  some  knowledge  of  law,  and  that  he  should  be  able  to 
present  his  reports  in  such  a  way  as  to  be  readily  understood 
by  business  interests. 

The  mere  expansion  of  these  functions  with  the  same 
knowledge  of  principles  brings  him  to  a  point  where  he  should 
be  able  to  present  a  financial  scheme  for  the  consideration  of 
financial  people,  and  practically  to  act  as  their  engineer,  pro- 
moter and  director  of  the  scheme  at  its  inception  and  thereafter. 
He  should  be  able  to  operate  it  to  a  successful  issue,  to  obtain 
commercial  results  and  dividends.  To  this  end,  in  addition  to 
the  knowledge  of  business  which  the  engineer  should  have  to 
enable  him  to  draw  up  specifications,  contracts,  etc.,  he  should 
have  a  knowledge  of  the  general  business  methods  of  the  com- 
munity in  which  he  lives.  He  should  understand  something 
of  stocks,  bonds,  bills  of  exchange,  notes,  the  formation  of  com- 
panies, of  partnerships,  the  general  laws  relating  thereto,  the 
functions  and  powers  of  different  corporation  officials,  and  the 
method  of  incorporating  companies.  These  are  matters,  the 
principles  of  which  an  engineer  trained  to  study  can  acquire. 
To  practice  is  of  course  a  different  matter,  and  results  will  de- 
pend upon  his  ability  in  dealing  with  the  world  as  a  business 
proposition. 

His  scientific  training  has  taught  him  to  deal  with  the  laws 
of  nature.  His  business  training  should  teach  him  how  to  deal 
with  men  and  money  and  the  laws  relating  thereto.  Business 
has  not  been  taught  or  developed  as  a  science,  and  it  is  there- 
fore considered  an  art,  and  ability  therein  can  only  be  developed 
by  practice.  Rut  this  is  so  even  in  engineering,  the  science  of 
which  is  taught  in  the  colleges  and  the  art  developed  later  in 
the  larger  world  of  practice. 

It  is  not  expected,  nor  is  it  desirable  that  the  engineer 
should  by  thus  expanding  his  functions,  eliminate  the  lawyer 
or  financier.  But  his  knowledge  of  business  should  on  the  other 
hand  indicate  the  necessity  for  these  gentlemen's  services,  and 
above  all  shS'w  just  when  and  where  their  services  are  needed 
and  enable  him  to  a])preciate  them  at  their  proper  value  when 
given. 

In  short  a  business  training  should  develop  a  new  view  of 
his  relations  to  other  professional  men  and  place  him  in  the 
position  of  engaging  their  services  rather  than  acting  as  their 
servant. 

The  eiigincer  is  a  utilitarian  to  a  commanding  degree  and 
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much  more  so  than  tlie  other  professional  men.  such  as  the 
doctor,  lawyer  and  clergyman.  The  lawyer  is  a  special  pleader 
and  does  the  best  he  can  with  the  case  given  him.  The  doctor 
buries  his  mistakes.  The  clergyman  deals  in  the  future,  but 
the  engineer  has  to  deliver  the  goods  and  the  goods  have  to  be 
commercial,  therefore  why  restrict  an  engineer's  education  to 
purely  scientific  subjects,  and  why  not  expand  his  horizon  to 
enable  him  to  take  the  position  in  the  community  which-  he  de- 
serves and  can  command,  and  enable  him  to  reap  the  rewards 
both  in  credit  and  di\idends  for  wdiich  such  training  fits  him. 


NOTES  ON  BRICK  AND  BRICK  PIERS. 

P.   GILLESPIE,  B.  A.Sc. 

A  close  appro.ximation  to  uniformit_\  in  physical  jjroperties 
is  not  usually  revealed  by  a  series  of  tests  on  bricks  in  which 
raw  material  and  method  of  manufacture  are  known  to  be  sub- 
stantially the  same.  ] '.ricks'  taken  from  the  same  locality  in  a 
kiln  will  show  results  in  testing  which  differ  by  considerable 
magnitudes.  If  dift"erent  experimenters  ha\e  operated,  the  re- 
sults will  dift'er  much  more  wideh".  With  steels  and  irons  on  the 
other  hand,  much  greater  uniformity  is  found  where  circum- 
ctances  lead  us  lo  l)elie\e  uniformity  exists.  Results  obtained 
from  tests  on  samples  of  these  materials  in  cases  where  the 
process  is  known  to  be  constant,  differ  by  probably  ten  per  cent. 
at  the  outside.     \\'hat  is  the  explanation  of  the  difference? 

in  the  first  ])lace.  this  phenomciion  is  due  to  lack  of  uni- 
formity in  the  clay  product  ;  in  the  second  place,  to  the  fact  that 
the  methods  of  condticting  tests  on  bricks  have  not  been  stan- 
dardized to  the  same  extent  as  tests  on  steels  and  irons  have 
been.  An  illustration  will  make  this  clear.  In  conducting  the 
crushing  test,  some  operators  employ  steel  i)lales.  Some  crush 
between  cushions  of  blotting  paper  while  others  imbed  in  a 
batter  of  neat  cement  or  of  plaster  of  Paris.  Manifestly,  even 
if  the  material  Tcr/v  of  uniform  cpiality.  comparal)le  results  would 
under  such  di\erse  methods  of  manipulation,  be  very  difficult 
of  attainment.  To  illustrate  the  eft'ect  of  such  non-uniformity 
of  method,  a  series  of  tests  reported  in  Tests  of  Metals.  1901. 
is  \alua]>le.  Crushing  tests  were  made  on  nineieen  varieties  of 
brick,  each  variety  being  tested  in  three  different  ways.  viz. — 
with  a  i)laster  of  Paris  bedding,  between  cardboard  ctishions, 
and  between  ])ine  boards.  The  first  method  in  nu^st  cases  gave 
the  greatest  strength  and  the  last  the  least.  ( )f  course  there 
are  exceptions,  btil  in  a  range  coxering  nineteen  \arieties.  the 
C'eneral   cr>nchision    will    be   siunificant. 
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RESL'ME  OF  RESULTS. 


Mean  Strength        Relative 
pds.  per  sq.  in-        Strength. 


Tests  of  Whole  Bricks- 
Plaster  Bedding  .  .  . . 
Cardboard  Cushions . 
Pine  Cushions 

Tests  of  Half  Bricks- 
Plaster  Bedding   . .  . . 
Cardboard  Cushions 
Pine  Cushions 


9,060 

100 

7,380 

81 

5,480 

60 

5,640 

100 

4,430 

79 

4,540 

81 

Suppose,  now,  these  details  of  method  and  other  local  set- 
tings are  unknown.  Suppose  that  different  experimenters  have 
obtained  these  results  b}-  different  methods  and.  as  is  often  the 
case,  have  neglected  to  state  the  modus  operandi.  TIow  much 
accuracy  in  such  an  instance  would  the  ordinary  la3-man's 
opinion   contain? 

The  reports  of  the  Watertown  arsenal,  extending  over  a 
period  of  many  years,  contain  a  \ast  amount  of  experimental 
data  on  l)ricks  and  ])rick  i)iers  as  well  as  on  other  materials. 
Conclusions.  howc\'er.  are  rarely  drawn  and  deductions  from 
experiments  seldom  appear  in  these  \olumes.  The  reader  is 
left  to  make  his  own  generalizations,  which  task  where  data 
are  insufficient  is  sometimes  a  difficult  one  indeetl.  At  the  out- 
set then,  one  must  be  careftd  as  to  what  conclusions  can  in 
fairness  be  drawn.  If  the  data  concerning  the  tests  be  meagre; 
if  the  results  ha\-e  been  obtained  by  diff'erent  operators;  if  the 
methods  and  materials  have  not  been  identical,  and  finally  if 
the  num])er  of  experiments  be  not  large,  generalizations  must 
be  made  with  the  utmost  caution,  'idie  purpose  of  this  short 
article  is  to  examine  the  records  of  tests  on  brick  and  brick 
masonry  with  a  \'iew  to  showing  some  of  the  peculiarities  and 
limitations  of  the  latter  and  the  precautions  which  in  manu- 
facture  or  Construction   contribute   to  its   strength. 

In  order  first  of  all  to  get  a  conception  of  the  position  oc- 
cupied by  brick  among  the  various  materials  employed  in 
masonry  constrtiction,  crtishing  strength  alone  considered,  the 
following  table  has  been  compiled.  The  data  have  been  selected 
from  tlic  records  of  experiments  conducted  in  the  Engineering 
I  laboratory  here  on  Canadian  building  materials  at  various 
times  during  the  past  ten  or  twelve  vears.  As  the  metliod  of 
conducting  the  tests  has  been  uniform  throughout,  it  is  believed 
that  the  \alues  given  arc  indicative  of  the  strength  of  the 
materials  tested  and  enable  us  to  place  them  in  something  aj)- 
jiroaching  their  true  relative  positions. 


60  APPLIED  SCIENCE 

Concrete  Blocks 400  to  1,5C0  lbs.  per  square  inch 

Sand  Lime  Brick 1,250  to  3,6U0 

Soft  Burned  Clay  Brick 1,000  to  2,000 

Hard  Burned  Clay  Brick 2,000  to  5,700 

Pressed  Brick 3,500  to  5,400 

Vitrified  Paving  Brick 6,000  to  13,000 

Roman  Stone  (Artificial)   1,500  to  5,0(i0 

Credit  Brown  Sand  Stone 10,000  to  15, OOU 

Granite,  New  Brunswick    15,000  to  16,000         "  " 

Longford  Limestone    19,400  to  22,300         " 

POROSITY  AND  STRENGTH. 

In  the  Report  of  Tests  of  Alaterial  collected  at  the  Louisiana 
Purchase  Exposition,  St.  Louis,  Mo.,  1904,  may  be  found  the 
record  of  upwards  of  400  compression  tests  conducted  on  many 
different  varieties  of  brick  representing  all  sections  of  the  L^nited 
States.  On  some  113  of  these,  absorption  tests  were  also  made, 
and  these  too  are  reported.  The  times  of  immersion  averaged 
15  days.  A  study  of  the  relation  between  porosit}^  and  crushing" 
strength  is  interesting.  That  the  absorption  test  has  a  value  in 
determining  the  hardness  or  degree  of  burning  for  different 
deliveries  of  the  same  kind  of  brick  is  generally  conceded.  That 
it  is  of  very  much  less  value  in  comparing  bricks  from  differen'' 
localities  and  by  different  manufacturers  is  also  pretty  generally 
acknowledged.  To  some  extent,  the  absorption  is  a  criterion 
of  the  crushing  strength.  The  113  absorption  tests  furnished 
the  data  for  a  plot,  the  ordinates  being  crushing  strength  and 
the  a'bscissae  the  percentage  absorption.  A  study  of  this  plot 
reveals  a  kind  of  hyperbolic  relation  connecting  the  two  vari- 
ables. Where  the  absorption  is  high,  the  strength  is  likely  to 
be  low.  Whether  it  is  permissible  to  reduce  to  a  formula,  a  law 
with  which  50%  of  the  determinations  disagree  to  the  extent 
of  20*/^  or  less  in  either  direction,  may  well  be  doubted.  There 
is.  howcxer.  a  fciiiicncx  of  which  this  is  a  rough  expression — 

p  a  =  65.000 
where  /^   is   crushing  strength   in   pds.   ]km"  sq.   in.   and   (/   is   \)cv 
centage  absor])tion. 

It  should  be  observed,  too.  that  as  dift'erent  methods  of 
conducting  both  the  compression  and  absorption  tests  will 
modify  results,  it  will  be  scarcely  fair  to  apply  this  rule  where 
the  method  of  conducting  either  test  is  radically  different  from 
that  adopted  in  the  tests  referred  to.  The  following  illustra- 
tions are  taken  at  raniKim  from  the  Report: — 


BRICK 


Dark  buff 

Common  red 

Light  red,  face 

Dark  red,  paver.  .  . 
Light  gray,  sand  lime 


Absorption  Strength 

I-bs.  per  sq.  in. 


6.2%  8,620 

13.9  4,700 

20.4  ,              3,050 

3.6  I            11,990 

13.2  5,280 
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The   extent   of  the   disagreement   with   the   formula   in   two 
selected  cases  is  shown  in  the  following: — 


BRICK 

Absorption 

1.0% 
13.7 

Strength 
Lbs.  per  s<i.  in. 

Red,  Laclede   paver 

Dark  red,  vitrified ... 

4,850 
13,560 

WEIGHT  AND  STRENGTH. 

From  the  following  table  representing  but  eight  tests  con- 
ducted on  dry-pressed  and  mud  brick,  it  appears  as  though 
there  is  also  sometimes,  a  relation  betw^een  weight  and  strength. 


BRICK 

Weight  per 
cubic  foot 

Crushing  Streneth 
lbs-  per  sqare  in. 

Dry  Pressed 

do              

do            

do                              

128.3 
127.2 
124.3 
119.8 
144.3 
136.4 
130.6 
125.4 

10,300 

8,740 

5.940 

3,480 

19,170 

15,670 

10,4-20 

10  870 

Mud 

do     ....    . 

do      

do     

In  this  series,  the  strength  is  apparently  nearly  proportional 
to  the  excess  of  weight  over  114  pds.  per  cu.  ft.     The  relation 

2000 

p  = (ir  —  114) 

3 
where  p  is  the  crushing  strength  ami  //'  is  the  weight  in  pds. 
per  cubic  foot  will  be  found  to  give  values  fairly  close  to  those 
given  in  the  table.  It  is  not  for  a  moment  supposed  that  this 
relation  has  an  extensive  application.  It  is  just  possible  though 
that  for  bricks  from  the  same  locality  and  of  the  same  process 
of  manufacture,  some  such  relation  might  be  found  to  exist. 
The  numerical  constants  would  doubtless  vary  quite  widely  in 
different  cases,  and  their  determination  would  entail  the  exam- 
ination of  man}-  indi\idual  cases. 

Mr.  James  Howard  in  the  IVoceedings  of  the  American 
Societ}'  for  Testing  Materials.  1907.  reports  a  test  conducted  on 
a  vitrified  shale  brick  manufactured  by  the  St.  Louis  \'itrified 
and  Fire  Brick  Company,  whose  crushing  strength  reached  the 
phenomenal  figure.  38.446  pds.  per  sc|.  in.  This  is  the  highest 
crushing  \alue  that  has  come  under  (.ur  nr)ticc  and  indicates  the 
great  possibilities  for  strength  possessed  by  clay  products. 
Howard  reports  also  a  crushing  test  on  a  brick  pier  of  5.608  pds. 
])er  sq.  in.,  probably  one  of  the  greatest  on  record.  He  believes 
too.  that  the  maximum  of  strength  has  not  yet  been  reached  and 
looks  for  higher  results  from  the  use  of  some  of  the  stronger 
hrick  which  arc  now  on  the  market.     That  such  may  be  possible 
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is  evidenced  from  the  fact  that  the  greatest  strength  in  piers,  as 
will  be  subsequently  seen,  has  been  obtained  from  a  combination 
of  the  strongest  cement  jointing  and  the  strongest  brick. 


MORTAR  JOlNTIxNG  A  VARIAllLE. 

The  superiority  of  cement  mortar  over  lime  mortar  is  well 
illustrated  in  the  following  series  of  tests  reported  by  the  Water- 
town  Arsenal  for  1904.  In  the  tabulated  results  it  will  be  ob- 
served that  in  the  case  of  each  kind  of  brick,  supposedly  the 
same  in  structure  and  manufacture,  three  kinds  of  jointing  were 
employed,  viz. :  Neat  Portland  cement,  a  cement-sand  mortar, 
and  a  lime-sand  mortar.  The  piers  were  substantially  alike  in 
height  and  method  of  construction.  From  other  data  published 
in  the  same  volume,  the  average  crushing  values  of  the  bricks 
(plaster  of  Paris  bedding)  have  been  obtained  and  are  included 
in  the  table.  The  relative  strength  of  pier  and  brick  in  each 
case  has  been  c()m])utc(l  also.  The  piers  were  12"  X  12"  X  8' 
high. 


' 

Strengtli  of 

Streneth  of 

Strength  of 

Pier, 

Brick, 

Pier  in  Terms 

Pier. 

Jointine. 

Age.     1 

yards  per 

yards  per 

of  Strength 

square  inch. 

square  iach- 

of  Brick. 

Face,  dry-pressed 

Neat  Cement 

1  mo. 

2,880 

9,490 

.30 

do 

1  C  :  3  S 

6  mo. 

'2,400 

" 

.25 

do 

1  L  :  3S 

6  mo. 

1,517 

" 

.IH 

Face,  repressed 

Neat  Cement 

6  mo. 

1,025 

6,780 

.28 

do 

1  C  :  3S 

6  mo. 

1 ,070 

" 

.24 

do 

1  L:  3S 

6  mo. 

1,200 

" 

.18 

Face,  wire  cut.  .  . 

Neat  Cement 

6  mo. 

4  021 

13,720 

.29 

do 

1  C  :  2S 

1  mo. 

2,410 

" 

.18 

do 

1  L  :  3  S 

B  mo. 

1,120 

" 

.10 

Hard, 

W.  Cambridge. .  . 

Neat  Cement 

t  mo. 

4,700 

10,490 

.45 

do 

1  C  :  3S 

1  mo. 

1,800 

" 

.17 

do 

1  L  :  3  S 

6  mo. 

994 

•' 

.09 

Light  Hard 

W.  Cambridge. .  . 

Neat  Cement 

1  mo. 

1.510 

7,090 

.21 

do 

1  C  :  3S 

6  mo. 

1,519 

" 

.21 

do 

1  L:  3S 

fi  mo. 

732 

" 

.10 

do 

1  L  :  3  S 

5  mo. 

sa9 

" 

.11 

Hard, 

East  Brookfield . . 

Neat  Cement 

6  mo. 

l,9(i9 

4,810 

40 

do 

1  C  :  3S 

6  mo. 

1,8(10 

" 

.37 

do 

1  L:  3  S 

fi  mo. 

733 

" 

.15 

do 

1  L  :  3  S 

5  mo. 

sm 

" 

.18 

Light  Hard, 

East  Brookfield.  , 

Neat  Cement 

()  mo. 

l.OGl 

4,470 

.24 

do 

1  C  :  3S 

(i  nio. 

1,221 

" 

.27 

do 

]  L  :  3  S 

1  mo. 

Kv", 

" 

.10 

Hard, 

Mechauicsville. .  . 

Neat  Cement 

6  mo. 

1,  100 

5,810 

.24 

do 

1  C  :  3S 

6  mo. 

1,411 

" 

.24 

do 

1  L:  3S 

1   (>  mo. 

718 

" 

.12 

XOTKS    OX    P-RICK    AXD    BRICK    PfERS 


63 


From  the  abo\c.  we  f)btain  the  followiiiL;'  a\"erages  : — 
Strength   of    Pier   in    Terms   of   Strength    of    I>rick. 
When   laid  in  neat  cement,  30'v  . 

cement  mortar.  1?' ,  . 
"  "         hme  mortar.  13''/ . 

These  may  be  expressed  in  terms  of  the  weakest  as  follows: 
Pier  having  lime  mortar,  100. 

cement  mortar,  192. 
neat  cement,  231. 
The  slight  lack  of  uniformity  as  to  age  is  not  specially  signi- 
ficant.     A    uniform    age    of   six   months    wriuld    doubtless     have 
made  these  average  percentages  somewhat   more  divergent.     It 
will   be   observed   tliat    weak   bricks    with   a   strong  jointing    or 


^^^^^S^-^^^^^^H 

BBH 

1_     MM 

'1*1 

"1  ■. 

^^■'Bl^B''  wSf^ 

I^V- 

1 

Brick  Pier— Before  Crushing 


strong  bricks  with  a  weak  jointing  gi\-e  strengths  in  ])iers  less 
than  when  brick>  and  mortar  are  of  the  sinmgest  possible 
kind. 

A  comparison  of  costs  for  piers  similarly  laid  is  interesting. 
P)rick  work  laid  with  ^y.s"  to  '/>"  joints  re{piires  1-3  cu.  \ d.  «>t  mor- 
tar per  cu.  yd.  of  masonry.  If  we  assume  lime  at  30c  per  hundred 
pounds,  sand  at  50c  i)cr  cubic  yard,  cement  at  $1.50  per  barrel, 
and  labor  at  current  rates,  we  will  find  the  prices  of  mortar  to 
be  substantially  as  follows: — 

Lime  one,  sand  three,       $1.75  i)er  cu.  \(1. 

Cement  (nie.  s;in<l  three.  S3.*)3  pvv  cu.  yd. 

Xeat   cemenl S11.()0  per  cu.   vd. 
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If  the  cost  of  the  lime-sand  brickwork  be  assumed  to  be 
S8.50  per  cu.  yd.,  that  of  cement-sand  brickwork  will  be  $9.23, 
and  of  neat  cement  brickwork.  $11.78  per  cubic  3'ard.  The 
relative  costs  will  be  : 

Brickwork  laid  in  lime  mortar.  100. 
"  "         cement  mortar,  109. 

"  "         neat  cement,  139. 

From  this,  it  would  appear  that  for  the  prices  assumed,  an 
increase  in  cost  of  9  per  cent.  throug*h  the  use  of  Portland  cement 
will  give  an  increased  strength  of  92  per  cent,  and  that  from  an 
increased  outlay  of  39  per  cent,  the  strength  is  augmented  to  the 
extent  of  131  per  cent.  These  are  am]5le  returns  indeed  and  if 
strength  be  a  desideratum,  the  use  of  Portland  cement   in    the 


m     ^    .::^--»..      _    k    : 

iir..,                           ''^N'f 

Brick  Pier— After  Crushing 

mortar  jointing  is  an  economical  method  by  which  to  secure  it. 
Outside  of  experimental  laboratories  neat  cement  mortar  is 
almost  ne\cr  used.  Morcoxer.  mortars  high  in  cement  do  not 
trowel  as  nicely  as  those  containing  lime.  In  cases  where  work- 
ing stresses  are  low.  and  where  water  is  not  likely  to  be  en- 
countered, the  lime  mortar  jointing  for  brick  masonry  will  com- 
mend itself  because  of  its  cheapness. 

.•\GE  A  \  AKIAl'.l.i;. 

An  examination  of  the  results  of  tests  with  a  \iew"  to  dis- 
covering the  elTect  of  age  on  the  strength  of  ])iers  supposed  to 
be  of  the  same  material  and  nietluxl  of  manufacture,  sliows  that 
in  most  cases  the  strength  increases  with  age.     The  exceptions 
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to  the  general  rule  can  usually  be  attributed  to  differences  in 
material  or  structure  that  were  not  at  first  known  to  exist.  The 
unwisdom  of  making  general  inferences  from  few  examples 
must  be  guarded  against.  Indeed  it  is  sometimes  observed  that 
differences  in  strength  in  a  series  of  tests,  where  there  is  no 
intentional  variable,  is  about  as  marked  as  where  the  age 
varies  greatly.  From  Tests  of  Metals,  1907,  the  following  are 
taken  :■ — • 

Piers  of  Johnsonburg  Pavers  laid  in  neat  cement. 


Test  No. 

Age                                              Strength 

Relative 
Strength 

1760 
61 
67 
68 

4  days                            4,218  lbs.  per  sq.  in. 
7     "                               5,608 
1  month                       4,281 
1       "                            5,003 

100 
133 
101 
118 

Piers  of  Shawmut  Pavers  laid  in  neat  cement. 


Test  No. 

Age 

Strength 

Relative 
Strength 

1762 
63 

64 
80 

4  hours 
2  days 
7     " 
4  months 

2,106  lbs.  per  sq.  in. 

3,733 

4,514 

4,089 

100 
177 
215 
195 

Piers  of  Wire  cut  Red  Brick. 


Test  No. 

1820 
1816 


Age 


5  months 
24      " 


Mortar 

IC:    IS 
IC  :  28 


Strength 


2,300  lbs.  per  sq    in. 
8,662 


Relative 
Strength 


100 
142 


In  this  last  instance,  the  added  strength  is  due  doubtless 
to  the  stronger  mortar  as  well  as  to  the  increased  age.  There 
seems  to  be  little  doubt  that  age  will  contribute  strength  to 
brick  masonry.  That  mortar  increases  in  strength  with  age  is 
well  authenticated  by  numerous  experiments  and  general  ob- 
servation, and  since  the  strength  of  brick  masonry  is  dependent 
partly  on  the  character  of  the  jointing,  this  inference  is  quite 
logical.  It  is  probable  that  the  variation  would  be  more  marked 
with  lime  than  with  cement  niortar. 


WOkKlNc;  STRESS  OX  BRICK  MASOXRY. 

l'>()m  the  cases  previously  cited,  the  average  crushing 
strength  of  matured  brick  piers  laid  in  1-3  lime  mortar  is  about 
80  tons  per  sq.  ft.,  and  for  1-3  cement  mortar.  140  tons.  A  safety 
factor  of  10  will  give  working  stresses  of  8  and  14  tons  per  S(|. 
ft.  respectively  and  these,  having  regard  to  indeterminate  irre- 
gularities in  both   workmanship  and   material,  do  not  seem   ton 
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large.  In  man}-  cases,  the  direct  compressive  stress  on  brick 
masonry  due  to  its  own  weight  only,  is  but  a  small  fraction  of 
its  ultimate  crushing  strength.  A  brick  wall  of  uniform  thick- 
ness weighing  125  lbs.  per  cubic  foot  would  need  to  have  a 
height  something  in  excess  of  1200  fee-t  in  order  to  exert  by  its 
weight  alone,  a  crushing  stress  of  80  tons  per  sq.  ft.  at  the 
base.  In  buildings  where  roof  and  floor  loads  are  carried  to 
walls  or  piers  and  supported  thereby,  high  compressive  stresses 
may  be  developed  in  the  masonr}-.  Wind  action,  on  walls  and 
chimneys  for  example,  produces  additional  compressive  stresses 
on  the  leeward  side  and  possibly  tensile  stresses  on  the  wind- 
ward. Baker  cites  a  case  of  a  brick  chimney  in  Glasgow.  Scot- 
land, 468  ^t.  high  at  the  bottom  of  w'hich  the  stress  due  to  dead 
load  alone  is  9  tons  per  sq.  ft.  It  is  estimated  that  in  heavy 
gales  this  is  increased  on  the  leeward  side  to  15  tons  per  sq. 
foot.  Roof  and  arcn  thrusts  operate  outward  and  earth  pres- 
sures inward  in  certain  cases,  both  giving  rise  to  secondary 
stresses.  These  considerations  will  serve  to  show  that  stresses 
exceeding  those  due  to  direct  loading  only,  ha\e  frequently  to 
be  provided  for.  and  where  these  additional  stresses  cannot  be 
computed,  a  wider  margin  of  safety  must  be  allowed.  A  refer- 
ence to  the  building  codes  of  several  representative  American 
cities  shows  the  following  to  be  the  maximum  permissible 
stresses  for  l)rick  masonrx'.  Idie  stresses  arc  gi\en  in  ions  per 
sq.  ft.: 


a 
o 

o 

O 

o 

W 

3 

a 

u 
o 
> 

Z 

o 

M 

a 
_o 
!a 
O 

'3 
o 

J 
tJ5 

.2 

a 

Denver 
Toronto 

"(5 

c 
o 

Hard  Burned  Brick  Laid  in 

Portland  Cement  Mortar 

15 

12i 

15 

12 

15 

Cement  Mortar  and  Lime 

12 

lU 

iH 

V2 

9 

1-2 

Lime  Mortar 

8 

6 

8 

^ 

11 

8 

8 

6 

8 

HEIGHT  A  VARIABLE. 

In  column  formulae  generally,  we  observe  on  the  part  of 
the  designer,  a  recognition  of  the  principle  that  the  strength  of 
a  ])ost  reduces,  other  elements  constant,  as  the  slenderness  in- 
creases. That  the  same  is  true  of  masonry  columns  is  no  doubt 
true,  but  the  exact  ])lace  where  the  effect  of  slenderness  is 
likely  to  manifest  itself  in  reduced  strength  is  difficult  to  deter- 
mine. The  character  of  the  material  and  workmanshi]-)  and 
possible  eccentricity  in  loading  while  in  sci"\icc  arc  elements 
difticult  of  computation. 

The  W'atertown  Arsenal  Rejiorl  for  1886  contains  a  report 
of  a  series  of  tests  on  flftv-thrce  brick   piers,  the  cliief  wiriablcs 
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being  height  and  sectional  area.  An  effort,  somewhat  success- 
ful, it  is  believed,  was  made  to  maintain  brick,  mortar  and  work- 
manship constant  in  quality.  From  these  reports,  two  typical 
series  have  been  selected,  and  of  these,  a  summary  is  given  in 
the  tables  below : 


Test  No. 

Height. 

Ultimate  Strength 
Pds    per  square  inch. 

8.^1 

■ 

2' 

2,428 

852 

2' 

2,117 

853 

4' 

2,050 

854 

4' 

1,944 

855 

6' 

1,950 

85(> 

6' 

1,750 

857 

8' 

1,691 

858 

10' 

1,677 

859 

10' 

1,811 

Test  No. 

Height. 

Ultimate  Strength. 
Pds.  per  square  inch. 

875 

2' 

2,327 

876 

2' 

3,466 

877 

¥ 

1,687 

878 

4' 

1,950 

879 

6' 

1,700 

880 

H' 

1,644 

881 

8' 

1,461 

882 

8' 

1,610 

883 

10' 

1 ,347 

In  order  to  obtain  if  possible  the  law  connecting  strength 
and  slenderness  a  plot  was  made  on  which  strength  and  the  ratio 
of  length  to  diameter  were  the  co-ordinate  axes.  The  various 
tests  were  plotted,  each  test  being  indicated  by  a  point.  A  string 
stretched  taut  v/as  then  employed  to  obtain  the  best  average 
straight  line  for  each  series.  The  equations  of  the  straight  lines 
were  then  obtained  and  are  given  below. 

Straight  line  1^'ormulae  for  the  Strength  of  Matured  Brick 
Piers  laid  in   1   C:  i  S   Mortar: 

Eight    inch   piers,   face   brick : 


p  =  2400 


50 


L 


D 


Twelve  inch   pier 


where  p 


common   brick: 
L 

p  =  2100  —  7?  — 
D 
ultimaic  crushing  strength,  pds. 
L  =  length  and 
D  =  diameter. 


per  sq.  m. 
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The  agreement  between  the  actual  values  obtained  b}^  test 
and  those  given  by  the  equations  is  rather  striking.  The  follow- 
ing table  gives  the  comparison  for  the  first  of  the  two  series. 
It  will  be  observed  that  the  average  error  is  approximately  5%  : 

FACE  BRICK  PIERS. 
Comparison   between   Strength   as   determined   by   Actual    Test, 
and  Strength  as  computed  by  Formulae. 

Cross  Section,  8"  X  8":  mortar,  IC:  2S ;  age,  21  mos. 


Height 

1       Actual  Stren 

gth. 

Computed  Stre 

ngth 

Error. 

Pds.  per  square  inch. 

Pds. 

per  square 

inch. 

2' 

2,428 

2,250 

-7% 

2> 

2,117 

2,250 

+  6% 

\' 

2,050 

2,100 

+  2% 

\' 

1,944 

2,100 

-^7% 

6' 

1,950 

1,950 

0% 

iV 

1,750 

1,950 

+  10% 

W 

1,691 

1,800 

+  6% 

w 

1,677 

1,650 

-2% 

w 

1,811 

1,650 

-9% 

An  examination  of  the  results  for  the  entire  series  of  fifty- 
t]\ree  piers  shows  that  the  strength  varies  with  the  cross-section 
as  well  as  with  the  height,  from  which  it  would  seem  that  the 
ulti.nate  resistance  depends  in  some  way  upon  the  volume. 

The  following  straight  line  formulae  by  Kidder  for  the 
working  stresses  on  brick  piers  e\'o!\ed  "from  numerous  tests 
and  from  some  formulas  published  by  Professor  Ira  O.  Baker 
and  from  personal  observation"  are  the  results  of  an  effort  ta 
recognize  the  column  principle.  Ividder  suggests  that  they  be 
ai)plied  in  cases  where  the  length  exceeds  six  times  the  least 
diameter. 

Safe  loads  in  pds.  per  sq.  in. 
Piers  laid  in  rich  lime  mortar. 

/. 
/)  =  ]  10  —  5      — 
D 
Piers  laid  in  1  to  2  natural  cement  mortar, 

L 
/>  =-  140  —  Wi  — 
D 
Piers  laid  in  1  to  3  Portland  cement  morrar, 

L 
p  =  200  —  6      -  - 
D 
For  a  pier  10  ft.  high  and  1  ft.  square,  the  safe  loads  in  ac- 
cordance with  these  formulae  would  be: 

4.3  tons  if  laid  in  lime  mortar. 
6.1  tons  if  laid  in  natural  cement  morlar 
and  10.0  tons  if  laid  in  Portland  cement  mortar. 
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SUMMARY. 

1.  Bricks  of  the  same  material  and  process  of  manufacture 
exhibit  considerable  variation  in  physical  properties. 

2.  Results  of  tests  by  different  experimenters  are  fre- 
quently not  comparable  owing  to  difference  of  method. 

3.  Where  the  absorption  in  bricks  is  low,  the  strength  is 
likely  to  be  high,  and  7'ice  I'ersa. 

4.  The  crushing  strength  is  dependent  to  some  extent  on 
the  specific  gravity  of  the  brick. 

5.  The  strongest  piers  are  those  made  irum  the  strongest 
brick  in  conjunction  with  the  strongest  jointing. 

6.  The  use  of  cement  mortar  is  an  economical  method  of 
giving  increased  strength  to  'brick  work. 

7.  The  strength  of  brick  masonry  improxes  somew^hat  with 
age. 

8.  The  strength  of  brick  pier.^  is  a  function  of  their  slender- 
ness.  

The  following  is  a  reprint  of  an  article  published  in  the 
Transactions  of  the  Engineering  Society  in  1896,  together  with 
some  additional  matter.  The  original  paper  was  prepared  by 
Mr.  Jos.  Keele,  B.  A.  Sc,  as  a  result  of  expc-'ments  conducted 
in  '95-'96  by  himself  and  Professor  C.  VI.  C  Wright  in  the 
lingineering  Laboratory  of  the  School  o""  Practical  Science.  Sub- 
sequent experiments,  performed  from  time  to  time  up  to  the 
present,  have  furnished  the  additional  matter,  in  the  collection 
of  which,  the  assistance  of  Mr.  W.  G.  Swan.  Demonstrator  in 
Strength  of  Materials,  is  gratefully  acknowledged. 

BRICKWORK  MASONRY. 

Results  of  Tests  made  in  the  Laboratory  of  the  School  of  Prac- 
tical Science,  Toronto,  during  the  session  of  1895-6. 
by  Messrs.  Wright  a:id  Kccle. 

JOS.  KEELE,  B.A.Sc. 

BRICKWORK  PIERS. 

The  following  tests  were  made  with  the  object  of  def^r- 
mining  the  resistance  to  crushing  off'ered  by  piers  of  ordinary 
brick,  constructed  in  the  same  manner  and  of  such  materials  as 
those  most  commonly  used  m  practice  in  Toronto.  These  ma- 
terials will  fairly  represent  those  in  use  throughout  the  Province 
•of  Ontario. 

For  this  purpose  a  bricklayer  and  his  assistant  were  en- 
gaged to  procure  from  four  different  brickyards  a  quantity  of 
each  of  their  grades  of  bricks,  the  bricks  being  taken  from  the 
kiln  as  they  came  to  hand. 

The  different  bricks  used  were  Kingston  Road,  first,  second 
and  third  quality:  11  umber,  first  and  second;  Yorkville.  first  and 
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second:  Carletoii.  clinker  and  first,  and  Don  \'alley  pressed 
brick,  buff  and  red. 

An  individual  test  of  each  class  of  brick  was  made  to  deter- 
mine its  crushing"  strength  and  absorption.  The  absorption  test 
was  made  as  follows :  The  dr}-  brick  was  carefully  weighed, 
then  immersed  in  water,  and  at  the  end  of  twenty  minutes  the 
brick  was  taken  out,  the  surface  water  dried  off,  and  again 
weighed.  The  brick  was  again  immersed  until  the  total  time  of 
immersion  was  thirty  minutes,  and  again  weighed. 

This  was  the  longest  time  allowed  in  water,  it  ha\ing  been 
found  in  former  tests  of  the  same  nature  that  the  aI)sorption  of 
water  by   the  I^rick  is  practically  complete  in   thirty   minutes. 

The  table  of  absorption  is  given  below: 


Kind  of  Brick 

Weight  Dry 

Weight  after 
2o  min. 
in  water 

Weight  after    Absorp- 
30  min.          tion  in 
in  water        ounces 

Ab- 
sorp- 
tion in 

p.c 

Kingston  Road,  1st  class 

"       2nd     "      .... 

"        3rd      "      .... 
Carlton  Clinker 

lbs. 
5 
5 
5 
5 
5 
4 
4 
5 
5 
5 
5 

oz. 

^u 

h% 
^H 
0/ 
0^ 
10>^ 

8 

133/ 

0 

lbs 
6 
6 
6 
5 
5 
5 
6 
6 
fi 
6 
5 

oz. 

0 

2X 

2X 
10 
13>^ 

113/ 

0 

2y^ 

6/ 

fi 

15>4 

lbs. 
6 
6 
6 
5 
5 
5 
6 
6 
6 
6 
5 

oz.           oz. 

0          10/ 

2X       12^ 

2/       14/ 

lOK       10/ 

13/       13/ 

11/       17. 

0          20/ 

2>^       11 

4/       14/ 

&%        8/ 

1534:      15/ 

11.9 
14.9 
17.1 
12.7 

"             "1st  class 

Yorkville,  1st  class 

164 

22  7 

2nd     "     

2'i.7 

Humber,  1st  class 

12.6 

2nd    "    

16.7 

Don  Valley  Pressed,  red 

buff.... 

9.3 
9.7 

To  ascertain  the  crushing  strength  of  each  quality  of  brick, 
two  fair  and  sound  samples  were  selected  and  bedded  between 
thin  layers  of  Portland  cement,  thus  giving  two  parallel  planes 
without  injury  of  any  kind  to  the  brick. 


Ultimate  Crushing 

Strength 

of  Common  and  Pressed  Brick 

Area  Exposed  to 

Area 

t'ltimate 

rrusliiiij; 
StreiiEtli 

Class  of  Brick 

Height 

Crusliing  in 

sq. 

Load 

ill  Ills. 

inches 

IQS. 

in  pounds 

)M.rf,,. 
III. 

Kingston  Road,  1st  class .... 

2>^ 

8/  X  4 

35 

132,400 

3,783 

"       2nd   "    .... 

2K 

9      X  iyi 

37 

62,000 

1.670 

2% 

m  X  4}i 

36.6 

6:-^,000 

1,721 

"       3rd    "    .... 

m 

9       X  4% 

37 

67,600 

1,821 

m 

m  X  4% 

36.6 

68,000 

1,857 

Carleton  Clinker 

2>^ 
2K 

m  X  3^ 
8/  X  4 

33  4 

190,000 
112.000 

5,685 

"             "        1st  class. .  . 

35 

3,200 

Yorkville,  1st  class 

2% 

8f^  X  4 

34.5 

160,000 

4,637 

2nd     "    

2K 

8/  X  4 

35 

107,000 

3.057 

2/ 

8/  X  4 

35 

112,000 

3.200 

2/ 

8%  X  4 

35.5 

43,400 

1 ,222 

2>^ 

8^  X  4 

34.5 

50  000 

1,449 

"            '^nd     " 

2K 

8^  X  4/ 

36  6 

72,000 

1,966 

2/ 

8Ks  X  4/ 

36.6 

64,000 

1,74R 

Don  Vallev,  red 

2^8 

8f^  X  4 

34  3 

184,000 

5.372 

"      buff   

S%  X  4% 

35 

125,000 

3.571 
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The  piers  were  built  by  a  skilled  bricklayer,  who  also  pro- 
vided the  lime  mortar,  which  consisted  of  4}/2  yards  of  Bloor 
street  coarse  sand  to  ten  barrels  of  lime,  this  being  about  the 
proportion  of  two  parts  sand  to  one  part  lime.  The  cement 
mortar  was  mixed  in  the  proportion  of  three  parts  sand  to  one 
]:)art  of  good  Portland  cement.  \\'hile  the  piers  were  being 
built,  two  cubes  of  each  class  of  mortar  weie  prepared  and  set 
asice  for  the  purpose  of  ascertaining  their  resistance  to  crushing, 
thus  gixing  a  com])lete  record  of  all  the  materials  used. 

Ultimate  Crushing  Strength  of  Mortar,  2^  months  old 


Lime  Mortar,  2  to  1 .  . 

2tol. 
Cement  Mortar,  3  to  1 


Height 

in 
inches 


5 
5 


Area  Exposed  to 
Crushing  in 


4:^  x45^ 
4H  x4^ 
5      X  5 


22.5 

22 

25 


Ultimate 

Load 
in  pounds 


1,200 

1.700 
33,800 


Crushing: 
Streneth  in 

lbs. 
per  sq.  in. 


53 


1,352 


The  piers  were  built  and  laid  aside  to  harden  in  the  mech- 
anical laboratory  of  the  School  of  Practical  Science,  in  a  temper- 
ature which  averaged  about  60°  Fahrenheit,  and  were  prepared 
for  the  test  as  follows :  A  thin  mortar  of  neat  cement  was 
spread  on  a  smooth  cast-iron  plate,  and  the  pier  placed  upon  the 
mortar  and  left  until  the  cement  hardened.  The  'bottom  bed 
was  then  trimmed  off  flush  with  the  sides,  the  pier  placed  on  the 
testing  machine,  and  a  layer  of  neat  Portland  cement  mortar 
was  placed  on  top.  the  pier  was  slid  under  the  head  of  the  ma- 
chine, and  the  head  was  brought  to  its  bearing  while  the  mortar 
was  yet  soft. 

This  methcjd  ensured  two  parallel  beds  and  gave  a  uniformly 
distributed  stress  on  the  pier.     The  load  was  applied  slowly  and 
continuously,  until  complete  failure  of  the  pier  occurred. 
Pier  No.  1  : 

Description — ]luiul)er.  1st  class,  laid  in  lime  mortar.  %  in. 
joints. 

Size   ui  pier.  ^'"    X   ^" area.  Si    scpiare   inches 

Length.  24  courses   73  inches 

Age   10  days 

L'ltimate    load    23.600   pounds 

■'         strength  per  sq.  inch   291  pounds 

"  '•  "        foot    20.<^  tons 

This  pier  was  built  on  the  testing  machine:  with  lime  mor- 
tar on  In])  and  bottom  bed.  the  head  of  machine  was  brought 
down  to  a  level  ])earing.  and  pier  allowed  to  harden  in  position 
for  ten  days. 

The  ]-)ier  failed  by  si)reading  a  little  at  the  head,  a  wide 
crack  running  d^wn  tlie  centre  to  al)cmt  half  the  height  of  the 
pier. 
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Pier  No.  2 : 

Description — Kingston  Road,  1st  class,  laid  in  lime  mortar 
with  %"  joints. 

Size  of  pier,  8^"  X  8%" area,  78.75  square  inches 

Length,   8   courses    23    inches 

Weight    114    pounds 

'  Age    2'/2    months 

Ultimate  load   44.000  pounds 

Crushing  strength  per  square  inch 558  pounds 

Crushing  strength  per  square  foot 40.2  tons 

The  pier  sustained  a  high  load  without  sign  of  fracture,  but 

was  completely  destroyed  under  the  ultimate  load. 

Pier  No.  3: 

Description — Kingston  Road.  2nd  class,  laid  in  lime  monar 
with  Ys"  joints. 

Size  of  pier  9"  X  9" area,  81  square  inches 

Length,   8   courses    24   inches 

Weight    114  pounds 

Age   2J/2   months 

Crushing   strength    per   square    inch)       Not  determined 
Crushing  strength  per  square  foot   j      by  experiment. 
The  bottom  bed  used  in  this  case  was  the  one-inch  board 

upon  which   the  pier  was  originally  built ;  the  board  appeared 

to  be   slightly   warped,  and  split   under  the  application   of    the 

load,  causing  a  variation  in  the  stress,  to  w'hich  is  due  the  early 

failure  of  the  pier. 

Pier  No.  4: 

Description- — Kingston  Road,  3rd  class,  laid  in  lime  mortar 
with  Ys"  joints. 

Size  of  pier  9"  X  9" area,  81  square  inches 

Length,   8   courses    24   inches 

Weight   110  pounds 

Age 2>j  months 

Ultimate  load   24,000  pounds 

Crushing  strength  per  square   inch    296  pounds 

Crushing  strength  per  square  foot 21.3  tons 

Failure   occurred   by   splitting   of   the   bricks    in    the    upper 

courses,  then  wide  vertical  cracks  opened  throug'houl  the  whole 

length,   and   under   highest   load    every    brick    in    the   ]V\cv   was 

.shattered. 

Pier  No.  5 : 

Description — Humber,  1st  class,  laid  in  lime  mortar. 

Size  of  pier,  9"   X  9"   area,  81  square  inches 

Length,  8  courses   24  inches 

Weight   122  pounds 

Age    2T/>    months 

Ultimate  load  28,000  pounds 

Crushing  strength  per  square  inch 346  pounds 

Crushing  strength   per  square   foot    24.8  tons 
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The   pier  held   well   together  until   near   the   ultimate   load, 

then  long  continuous  cracks  appeared,  with  final  rupture  of  the 

whole  pier. 

Pier  No.  6 : 

Description — Humber,   2nd   class,   laid   in   lime   mortar. 

Size  of  pier,  8^"  X  8%" area,  76.5  square  inches 

Length,  8  courses   23/2  inches 

Weight    118  pounds 

Age    2/2   months 

Ultimate  load   22,400  pounds 

Crushing  strength  per  square  inch    293  pounds 

Crushing  strength  per  square  foot 21  tons 

All  the  bricks  in  the   upper  portion  were  complete!}-  shat- 
tered, the  principal  failure  occurring  along  one  corner  of  pier. 

Pier  No.  7: 

Description — Carleton  Clinker,  laid  in  lime  mortar  with 
^"  joints. 

Size  of  pier.  8^"  X  8^" area,  72  square  inches 

Length,  8  courses    22  inches 

Weight    114  pounds 

Age 2/2  months 

Ultimate   load    44,000   pounds 

Crushing  strength  per  square  inch 609  pounds 

Crushing  strength  per  square  foot 43.8  tons 

The  pier  failed,   with   continuous   lines  of  fracture   up   and 

down   the   four  sides,   only   one   brick   on   the   lower  bed   being 

uninjured  after  the   test. 

Pier  Xo.  8: 

Description — Carleton,    1st    class,    laid    in    mortar    with 
^"  joints. 

Size  of  pier,  8^"  X  8^" area,  76.5  square  inches 

Length,  8  courses    23^2   inches 

W^eight   110  pounds 

Age 2 '2  months 

Ultimate  load  41.000  pounds 

Crushing  strength  per  square  inch 535  pounds 

Crushing  strength   per  square   foot    3S.5   tons 

The  pier  was  completely  shattered  under  the  highest  load. 

The  mortar  crumbled  out  like  sand,  and  had   very   little  effect 

in  holding  an}-  portions  of  the  pier  together. 

Pier  No.  9: 

Description — Vorkville,  Xo.  1,  wliitc  brick,  laid  in  lime 
mortar  with  }i"  joints. 

Size  of  pier.  8-)4"  X  8^4" area.  76.5  s(|uaro  inches 

Length,  5  courses   14' _>   inches 

Weight 65  pounds 

Age 2I2  months 

Ultimate  load   39.000  pounds 
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Crushing  strength  per  square  inch 509  pounds 

Crushing"  strength   per  square   foot    36.6  tons 

Small    cracks    appeared    as    the    load    was    put    on.     As    the 
highest   load   was   approached   portions   of  the   pier   spalled   oil, 
and  finally  shattered   to  fragments   under  the  highest  load. 
Pier  No.  10 : 

Description — Vork\ille  white  brick  Xo.  2,  with  pinkish 
shade,   laid   in   lime   mortar   with    fi"  joints. 

Size  of  pier.  8^"  X  8^" area,  76.5  square  inches 

Length,  8  courses   23^2   inches 

Weight    105  pounds 

Age    2y2   months 

Ultimate   load    30,000   pounds 

Crushing  strength   per  square   inch    3''J2   pounds 

Crushing  strength   pvr   square   foot    28.2  tons 

l*'ine  cracks  appeared  early  in  the  test,  which  increased  to 
long  vertical  cracks,  running  the  length  of  the  pier,  portions  of 
the   brick   spalled  off,  and   under   the   highest   load   gi\cn   above 
the    ])ier   was   totally   destroyed. 
Pier  No.  11: 

Description — Don  \'alley  pressed  brick,  buff  color,  laid 
in  liiuc  mortar. 

Size  of  |)ier.  H^i"  X  <i'}i" area.  74.4  square  inches 

Length,  8  courses  •. 21    inches 

Weight     97    pounds 

Age    Zy^   months 

Ultimate  load    51,000  pounds 

Crushing  strength  ])cr  S(|uare  inch   686  pounds 

Crushing  strength   ])er  square   foot    49.4  tons 

As  the  highest  load   was  appr(nched.   fine  cracks  a]ipeared, 
which    were   confined    to    individual    l)ricks,    and    were    not    con- 
tinuous down  the  lenglh  of  the  pier:  the  fracture  \\as  rather  of 
a  crumbling  nature. 
Pier   Xo.    12: 

Description — Don   X'alley  pressed   brick,   red  color,  laiil 
in  lime  mortar. 

Size  of  pier,  Sy"  X  8j/" area,  72.25  scjuare  inches 

Length,  8  courses   21  '<   inches 

Weight    110  pounds 

Age    2'  J    months 

Citimate  load   88,000  pounds 

Crushing  strength  per  scpuire  inch    1,218  pounds 

Crushing  strength  per  square  foot   87.7  tons 

The  faihire  of  this  ]ncr  was  of  somewhat  the  same  nature 
as  that  of  the  last,  bui  the  brickwork  licld  together  better  under 
the  ultimate  load. 
Pier  No.  13:  CEM1':XT    IMjrKS. 

Description — Yorkville,    1st    class,    while    color,    laid    in 
cement  mortar. 
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Size  of  pier,  8^"  X  8^" area,  74.4  square  inches 

Length,  8  courses    24  inches 

Weig-ht    110  pounds 

Age    ly,    months 

Ultimate  load   79,000  pounds 

ritimate   load   per  square   inch    1,062   pounds 

L'ltiniate   load  per  square   foot    76.5  tons 

llie  pier  held  together  well,  and  did  not  show  much  sign  of 
failure  until  the  highest  load  was  reached  :  the  pier  was  destroyed 
in  the  test,  probably  owing  to  the  brittle  nature  of  this  brick. 
Pier  No.  14: 

Description — Yorkville,  2nd  class,  color  white  with  pink 

tint,  laid  in  cement   mortar. 
Size  of  pier.  8^"  X  8^"  area.  76.5  scpiare  inches 

Length,  8  courses    24  inches 

Weight    Ill   pounds 

Age    ly,    months 

Ultimate  load   78,000  pounds 

ritimate  strength  per  square  inch    1,018  pounds 

L'ltimate   strength   per   square   foot    7Z.Z   tons 

This  pier  was  well  built,  and  shows  the  yalue  of  a  cement 
mortar  for  laying  brickwork,  as  its  binding  qualities  allow  the 
brick  to  deyelop  nearl\-   its  full  strength. 
I'ier  X.).   15: 

Description — Humber,  2nd  class,  laid  in  cement  mortar. 

Size  of  i)ier.  9"  X  ^"   area,  81  scpiare  inches 

Length,  8  courses    24  inches 

Weight    124  ])ounds 

-Age    2^4    months 

L'ltimate  load   91,600  pounds 

L'ltimate  strength  per  square  inch 1,131  pounds 

Ultimate  strength  per  square  foot   81.4  tons 

Fine  cracks  occurred  in  some  of  the  bricks  only  under  nearly 
the  highest  load,  but  total  destruction  of  the  pier  took  place 
under  the  ultimate  load,  but  did  not  shatter  so  badly  as  in  the 
case  of  those  laid  in  lime  murtar.  ~ 

Tier  Xo.  16: 

Description — Kingston    Road,  2nd  class,  laid  in  cement 
mortar. 

.Size  of  pier.  9"  X  9"   area.  81  scpiare  inches 

Length,  8  courses    -«3,' j   inches 

Age    i'S    months 

L'ltimate  load   69,000  pounds 

L'ltimate  strength   per  square   inch    852  pounds 

L'ltimate  strength  per  square  foot   61.3  tons 

'This  ])ier  held  together  even  under  the  ultimate  load,  the 
failure  occurring  through  actual  crushing  of  some  of  the  upper 
bricks.  .After  pier  was  removed  from  the  machine,  only  small 
portions  of  it  could  be  forced  away  from   the  mass. 
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Pier  No.  17 : 

Description — Carleton  Clinker,  laid  in  cement  mortar. 

Size  of  pier,  8>4"  X  8>^" area,  72.25  square  inches 

Length,  8  courses    22^   inches 

Weight    115  pounds 

Age    2j/S    months 

Ultimate   load    174,000   pounds 

Ultimate  strength  per  square  inch   2,408  pounds 

Ultimate  strength  per  square  foot    173.4  tons 

Fine  cracks  appeared  toward  the  end  of  test :  these  cracks 
were  not  continuous  down  the  length  of  pier,  nor  did  thev  in- 
crease much  in  width  under  the  highest  load. 
Pier  Xo.  18: 

While  working  on  this  pier  the  friction  clutch  of  the 
machine  gave  way,  and  the  tests  were  discontinued 
for  the  present. 


Pier  No.   1: 

Description — The  pier  in  question  was  tested  in  Decem- 
ber, 1904.  It  consists  of  Kingston  Road  brick,  best 
quality,  built  in  8  courses  and  laid  in  3:1  cement 
mortar.     The  joints  were  ^"  thick. 

Size,  8K'"  X  8y2" area  72.25  square  inches 

II  eight   : 2  feet 

Age   8  years   (built  in   18')6) 

Ultimate  load 184,150  pounds 

Crushing  strength  per  square  inch   2,550  pounds 

Crushing  strength  per  square  foot   183.5  tons 

Pier  .\o.  2: 

l)escrii)li()n — This  pier  was  tested  in  January.  1*)06.  It 
consisted  of  Carlton  2nd  class  brick,  built  in  6 
courses,  laid  in  2:1  lime  mortar.  The  joints  were 
S/s"  thick. 

Size,  8>^"  X  8/2"  area.  72.25  square  inches 

Height    16  inches 

Age    6  years 

Ultimate  load   75.150  pounds 

Crushing  strength  per  square  inch    1.040  pounds 

Crushing  strength  per  s(|uare  f<x)l   74.4  tons 

Pier  No.  3 : 

Description — This  pier  was  tested  in  January.  1006.  It 
consisted  of  Kingston  Road  1st  class  brick,  built  in 
5  courses  in  3:1  cement  mortar.     Joints  }i". 

Size.  8^"  X  8.)4"   area,  76.56  scpiare  inches 

Height    14   inches 

Age    1    month 

Ultimate   load    1 17.200   pounds 

Crushing  strength  per  square  inch   1.530  pounds 

;         Crushing  strength  per  square  foot    109.4  tons 
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Pier  No.  4: 

Description — The  pier  in  question  was  tested  in  Jan- 
uary. 1906.  It  consisted  of  Carleton  brick.  2nd 
class,  built  in  6  courses  and  laid  in  2:1  lime  mortar. 
The  joints  were  ^"  thick. 

Size,  8>^"  X  8>4" area  ll.l})  square  inches 

Height    1   foot,   5   inches 

Age    6  years   (built  in   1900) 

Ultimate  load   . 75,000  pounds 

Crushing  strength  per  square  inch    1.040  pounds 

Crushing  strength   per   square   foot    74.9   tons 

Pier  Xo.  5  : 

Description — The  pier  in  c|uestion  was  tested  in  Decem- 
ber, 1907.  It  consisted  of  Yorkville  brick,  2nd  class, 
built  in  5  courses  and  laid  in  2:1  lime  mortar.  The 
joints  w^ere  ^"  thick. 

Size.  8^"  X  8^4"   area.  76.56  scpiare  inches 

Height    1   foot,  2' S    inches 

Age 2  vears 

Ultimate  load 106,000  pounds 

Crushing  strength  per  square  inch 1,382  pounds 

Crushing  strength   per  square  foot    99.5   tons 

Pier  Xo.  6 : 

Description — This  pier  was  tested  in  January.  1908.  It 
consists  of  2nd  class  Yorkshire  brick,  built  in  5 
courses  and  laid  in  3:1  cement  mortar.  The  joints 
were  y%'  thick. 

Size.  8^"  X  8^"   area.  76.56  square  inches 

Height    1   foot,  2y.   inches 

Age    2  vears 

Ultimate  load   87.000  pounds 

Crushing  strength  per  square  inch    1.140  pounds 

Crushing  strength  per  square  foot    81.43  tons 

Pier  No.  7 : 

Description — The  pier  in  c|uestion  was  tested  in  Jan- 
uary, 1908.  It  consisted  of  5  layers  of  Humber 
brick.  2nd  class,  laid  in  2:1  lime  mortar.  The  ioints 
were  ^"  thick. 

Size.  9"  X  9"    area.  81   square  inches 

Height    1    foot.  2V2   inches 

Age    2  vears.  1   month 

Uftimatc  load    '  43.000  pounds 

Crushing  strength  per  square  inches 531  pounds 

Crushing  strength   per  square   foot    38.2  tons 

Pier  No.  8 : 

Description — This  pier  was  tested  in  March.  l'X')8.  Tt 
consisted  of  Kingston  Road  2nd  class  brick,  built  in 
12  courses,  laid  in  2:1  lime  mortar.  The  joints 
were  Y^'  thick. 
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Size,  8^"  X  ^H"   area,  76.56  scjuare  inches 

Height   2  feet.  10  inches 

Age   12  years 

Ultimate  load  67,200  pounds 

Crushing  strength  per  square  inch 878  pounds 

Crushing  strength  per  square  foot 62.71  tons 

Pier   X(..  [): 

Description — This  pier  was  tested  in  March.  1908.  It 
consisted  of  Carlton  1st  class  brick,  built  in  6 
courses,  laid  in  3:1  cement  mortar.  The  joints 
were  }i"  thick. 

Size,  8^"  X  8%"   area,  76.56  scpuirc  inches 

Height    1   foot,  4  inches 

Age    2    years 

Ultimate  load   74,600  pounds 

Crushing  strength  per  square  inch   2,281  pounds 

Crushing  strength  per  square  foot 163.94  tons 

Pier  No.  10  T 

Descri])tif)n — This  pier  was  tested  in    March.   WO^.     It 
consisted  of   Don    Buff    Pressed    brick,    built   in  4 
courses,  laid  in  3  :1  cement  mortar,     llie  joints  were 
H"  thick. 

Size,  8ys"   X   8§^"    area.  74.4  scfuare   inches 

Height 11   inches 

Age 2  years 

Ultimate  load   75.000  jiounds 

Crushing  strength  per  square  inch   1,008  pounds 

Crushing  strength  per  square  foot    72.00  tons 

Pier  No.  11  : 

Description — This  pier  was  tested  in  .March.  l''()8.  It 
consisted  of  Kingston  Road  2nd  class  brick,  built 
in  5  courses,  laid  in  2:1  lime  mortar.  The  joints 
were  ^"  thick. 

Size,  S}i"  X  8^"   area.  76.56  square  inches 

Height    14   inches 

Age    2    years 

Ultimate  load   5<).000  iii>unds 

Crushing  strength  per  square  inch   772  pounds 

Crushing  strength   per  square  foot    55.14  tons 
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INTERPOLE  MOTORS- 

F.   R.  EWART.  B.A.Sc. 

The  use  of  interpoles.  or  auxilian-  fields  of  any  kind,  is 
mainly  to  overcome  commutation  difficulties  in  machines  em- 
ployed under  se\'ere  conditions  of  service.  I'cr  this  reason  I 
shall  first  describe  the  process  of  commutation,  then  show  the 
efifect  of  induced  \oltages  in  the  short-circuited  coil,  proceeding;" 
to  show  how  the  voltage  depends  on  field  form,  and  how  field 
form  is  afifected  by  armature  reaction.  I  shall  show  how  the 
effects  of  armature  reaction  may  be  overcome  and  under  what 
circumstances  an  auxiliary  field  is  necessary.  And  lastly  I  sliall 
discuss  the  a]^]jlication  of  the  interjKile  motor  and  its  many  ad- 
vantages. 

Figure  A  of  Figure  1  represents  diagrammaticall}'  the  flow 
of  current   in   an   armature.      The   coil   C   carries   full   current   in 


iyyw(mmrr^m^ 


Fig.   1 

the  right  hand  direction,  anil  the  lead  L,  carries  none  until  the 
edge  of  tlie  segment  Si  reaches  the  heel  of  the  lirush  15.  As  the 
brush  passes  o\er  the  segment  the  current  is  grachially  diverted 
from  C  through  L,  till  half  of  tlie  brush  rests  on  S,.     The  current 
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will  then  pass  entirely  through  L^,  that  is  the  coil  is  short  cir- 
cuited. As  the  brush  continues  its  motion  the  current  in  Lo  will 
gradually  be  shifted  to  the  coil  C,  until  the  toe  of  the  brush 
leaves  So  and  the  coil  is  carrying  full  current  in  the  left  hand 
sense.  That  is,  the  current  in  the  coil  is  commutated  or  re- 
versed. 

This  change  may  take  place  in  many  ways,  a  few  of  which 
are  shown  in  curves  1  to  11,  Figure  1.  These  are  cur\es  of  cur- 
rent plotted  on  time  interval  as  base,  the  distance  between  the 
vertical  lines  representing  the  time  one  commutator  bar  takes 
to  pass  a  given  point.  Curve  1  shows  the  whole  time  taken  in 
changing  the  current,  while  in  curve  6  the  current  hangs  on  and 
reverses  suddenly,  i.e.  very  little  current  is  diverted  by  the  lead- 
ing edge  of  the  brush,  but  is  impeded  till  it  has  to  flow  through 
the  trailing  edge.  This  has  an  effect  equivalent  to  decreasing 
the  width  of  the  brush  and  increasing  the  current  density.  Thus 
the  steepness  of  the  cttrve  indicates  the  current  density  at  any 
point.  The  worst  place  to  have  high  current  densit}'^  is  at  the 
trailing  edge  of  the  brush,  as  this  is  the  point  where  a  segment 
finally  leaves  the  brush  and  where  a  spark  once  started  will  be 
most  inclined  to  be  drawn  out  and  maintained.  Curve  1  shows 
ideal  commutation,  gi\'ing  uniform  and  minimum  current  den- 
sity in  the  brush.  This  condition  is  most  nearly  realized  by 
using  brushes  whose  resistance  is  high  in  proportion  to  that  of 
the  coil,  so  that  the  ratio  of  currents  flowing  by  L,  and  L,  de- 
pends on  the  ratio  of  the  surfaces  of  Sj  and  S^  co\-ered  by  the 
brush.  This  suggests  at  once  one  good  reason  for  the  use  of 
carbon  brushes.  If  the  resistance  of  the  brush  is  low  compared 
to  that  of  the  coil  we  will  g'et  commutation  something  like  curve 
9,  where  the  coil  is  short  circuited  immediately  after  the  edge 
of  the  brush  touches  its  segment. 

Armature  coils  being  wound  on  an  iron  core  and  generally 
deeply  imbedded  in  slots  on  it,  are  always  higlily  inductive,  so 
that  it  is  impossible  for  currents  in  them  to  die  down  rapidly. 
This  self-induction  has  the  effect  of  producing  commutation  as 
in  curve  6,  causing  high  density  at  the  trailing  edge  of  the  brush, 
a  condition  which  we  have  seen  to  be  very  liarmful. 

If  we  have  an  active  E.  M.  F.  in  the  coil  which  is  counter  to 
the  flow  of  the  current  and  will  assist  in  reversing  it.  we  may 
get  something  like  curve  4.  Evidently  the  introduction  of  such 
an  E.  M.  P.  might  be  used  to  counteract  the  eft'ect  of  self-induc- 
tion, thus  effecting  a  compromise  between  curves  4  and  6  and 
securing  something  near  the  straight  line  variation   of  curve   1. 

If,  on  the  other  hand,  the  /:.  M.  I',  be  in  the  same  direction 
as  the  current,  it  will  tend  to  maintain  it,  and  the  result  may  be 
that  the  current  will  be  practically  undiminished,  when  the  seg- 
ment leaves  the  brush  and  thus  force  the  whole  current  to  arc 
over  from  the  segment  to  the  brush  after  they  have  parted.  This 
would  mean  sparking  of  the  most  vicious  kind,  a  condition 
which  must  be  remedied  at  all  costs. 
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For  a  given  speed  of  rotation,  the  E.  M.  F.  in  a  coil  at  any 
position  depends  on  the  density  of  the  magnetic  flux  at  that 
point.     A  curve  of  flux  densities  on  angular  positions  as  a  base, 


%^/%'Pa ^^^^^g;^^^^^^j^#^i^^ ^S^gi^^^ 

2 i^— 1 

i_                        ._.:/ 

t     ^^          +  T 

I  ■^':  "^-.7   .• -' 1 

^^           ^      ^ui      ^ 

*^             ^  ^^           ^        5^ 

'   ^^,         1-2^-^               '^       ^ 

^I         ^Jl      IS^                ^         ^k^ 

^>,  X4:        ^^            ^5 

:^"/               V                ^       \    ^/ 

.......: ^.    ,.i^..^^3^ 

-'        4                                              ^^             4=    ^--^ 

'                                          \            -^'^       V^ 

7-     -                   ^v    ^      ^>-:  y 

^^                                                                              ^^^                  Z<^^^^ 

'^           ^^^ 

1 

< 

1                                                          1    1    1  1   1   1  1 

Fig.  2 


i<i<^%i.i: 

~ 

' 

■',■// 

,/ 

V 

Vf  ^ 

■  ~^ 

^f 

// 

/•^ 

iOi:/. 

^< 

— 

[T 

^ff^ 

^ 

'A 

^A 

^ 

^i 

^ 

^ 

'//// 

'^ 

^ 

^ 

k 

^ 

''^ 

^ 

■ 

^^^'^ 

d 

''/%, 

j 

m 

^^ 

— 

— 

— - 

— 

— 

— 

— 

~ 

— 

— 

n 

1  I  1  1  1  ' 

-^ 

;      1      ' 

\  - 

1 

T 

( 

\ 

1 

,/ 

s 

t 

,' 

/ 

> 

\ 

1 

T 

\ 

"> 

y^ 

V 

"" 

— 1 

_ 

' 

/ 

\ 

/ 

/ 

> 

\ 

k 

\ 

/ 

0 

\ 

^ 

V 

••^ 

^ 

'A 

/ 

V 

, 

s 

• 

A 

•If 

\ 

» 

s 

f; 

. 

J 

i 

-•'— 

■- 

- 

\i 

v~ 

r^? 

f- 

- 

■- 

■ 

-■ 

N 

v^ 

- 

•■ 

^^ 

^- 

^ 

■.'i' 

?t1 

^ 

.J 

i 

f 

1 

«L 

"1^ 

V 

w 

I 

/ 

> 

- 

/ 

W         1 

/ 

\ 

1 

i 

!    ^          'Wl 

y 

V 

i  ,  M^       A\     , 

1 

'.  V'^^  1 

\  ^5  1 

!  1 

. 

.  ^ 

"' 

r- 

.' 

i 

1     I 

.L 

L_ 

L 

I  1  1 

Jl. 

--i     H  ri 

Fig.  3 


is  called  a  held  form.  L"ur\e  1  I'ig.  2  is  an  example  of  the  Held 
form  of  a  shunt  motor  at  no  load.  The  flux  is  nearly  uniform 
over  the  face  of  the  pole  but  rapidly   tlecreases  to  zero  at    the 
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point  X  in  the  centre  of  the  interpolar  space.     The  point  X   is 
called  the  neutral  point. 

Field  distri'bution  curves  may  l)e  determined  in  three  dif- 
ferent ways : — 

(1)  By  exploration  about  the  commutator  with  a  volt- 
meter. This  method  may  l)e  used  whether  the  machine  is 
loaded  or  not,  but  in  the  former  case  readings  in  the  region  of 
commutation  are  unsatisfactory,  since  they  are  affected  by  the 
voltag'e  of  self-induction.  Thus  the  main  benefit  from  such 
measurements  is  entirely  lost. 

(2)  By  means  of  a  fluxmeter  and  exploring  coil.  An  ex- 
ploring coil  connected  to  a  fluxmeter  or  galvanometer  is  inserted 
in  different  positions  about  the  field  and  the  kick  noted  when 
the  coil  is  withdrawn  or  the  field  current  cut  oft'.  This  method 
can  only  be  employed  when  the  machine  is  still  and  can  there- 
fore only  be  used  to  give  the  no  load  curve.  The  method  is 
therefore  of  little  value  in  the  investigation  of  field  distortions 
leading  to  commutation  troubles. 

(3)  The  third  and  best  method  is  to  bring  out  leads  to 
collector  rings  from  two  segments  at  the  ends  of  a  coil  and  take 
oscillograms  of  voltage.  This  method  may  be  used  under  all 
conditions  of  speed,  load,  etc.,  and  will  give  an  absolutely  faith- 
ful record  of  the  E.  M.  F.  variations  in  the  coil.  Idiis  will  be  the 
same  as  the  field  form  except  when  the  coil  is  commutating, 
where  reactance  voltage  modifies  it.  But  in  any  case  the  curve 
shows  llu'  net  voltage  which  is  employed  to  effect  commutation, 
and  it  is  this  net  voltage  upon  which  commutation  mainly  de- 
pends. 

Curve  1  (Fig.  2)  is  then  the  no  load  field  form  of  a  shunt 
motor  and  is  the  field  i)roduced  by  the  main  field  alone,  being 
oidy  slightly  distorted  by  the  small  no  load  current  of  the 
motor.  I^his  main  field  is  constant  iox  a  definite  shunt  field 
excitation  and  is  always  in  the  same  position.  When  the  mentor 
is  loaded  the  armature  produces  a  field  of  its  own  (Cur\e  3) 
which  combines  with  the  main  field  to  produce  a  resultant  field 
as  shown  in  Curve  4. 

This  armature  field  \aries  in  magnitude  with  the  armature 
cm-rent,  i.e.  with  the  load,  and  its  position  is  determined  by  the 
setting  of  the  brushes.  It  is  e\-idcnt  that  an  armature  has  a 
magnetization  due  to  its  own  current  and  that  the  line  of  action 
of  this  magnetization  is  determined  l)y  the  position  of  the 
brushes,  since  that  is  what  determines  the  points  where  the 
current  changes  its  sense.  In  fad  the  armature  .1/.  M.  F.  is  said 
to  be  in  phase  with  the  l)ruslies.  and  il'  commutation  were  taking 
place  along  the  neutral  axis  it  would  be  in  ((uadrature  with  the 
M.  M.  F.  of  the  main  field.  If  the  machine  had  a  uniform  air  gap 
all  around  the  armature,  the  maximum  flux  would  exddently  be 
at  the  brushes  and  zero  flux  at  points  'half  way  between.  That 
is  we  would  have  an  armature  flux  as  shown  in  C"ur\e  2.     The 


INTERPOLE   MOTORS  83 

difference  between  Curves  2  and  3  is  caused  by  the  high  mag- 
netic reluctance  of  the  circuit  in  the  interpolar  spaces. 

Remembering  that  in  the  case  of  tlie  motor,  the  flow  of 
current  is  opposite  to  the  induced  E.  M.  F.,  we  see  that  we  must 
commutate  at  some  point  a  Httle  before  the  point  of  no  voltage 
N  is  reached,  if  we  are  to  have  a  small  voltage  in  the  commu- 
tating  coil  acting  against  the  current  to  overcome  the  effect  of 
self-induction  and  obtain  sparkless  commutation.  That  is  we 
must  shift  the  brushes  back  a  little  and  commutate  in  the  "back 
field"  or  "fringe."  This  is  in  fact  the  method  used  to  obtain  a 
comnuuating  field  on  any  constant  speed  s'hunt  motor,  and  is 
ahvavs  easy  of  accomplishment  because  the  main  field  is  always 
stronger  than  the  armature  field  and  a  fringe  (or  flux  beyond  the 
pole  tip)  always  exists,  i.e.  the  point  oi  no  voltage  is  always 
outside  the  pole  ti]>. 

But  in  the  case  of  a  \ariable  speed  motor,  where  the  high 
speeds  are  attained  by  using  a  greatly  reduced  main  field,  it 
frequently  happens  that  there  is  no  fringe,  i.e.  the  point  of  no 
voltage  is  under  the  pole  tip.  This  is  the  case  shown  by  the 
full  load  curve  of  Fig.  2.  In  this  case  it  is  impossible  to  get 
sparkless  commutation  by  shifting  the  brushes  backward  be- 
cause it  is  impossible  for  the  brushes  to  catch  up  to  the  point  A. 
This  is  'because  the  armature  flux  moves  with  the  brushes  and 
when  the  brushes  move  under  the  pole  tip.  the  arm  flux  at  the 
brush  is  no  longer  that  shown  in  Curve  3,  but  becomes  that 
shown  in  Curve  2.  so  that  the  point  A  recedes  before  the  brush 
and  cannot  be  overtaken  by  it.  It  must  be  remembered  too.  that 
shifting  the  brushes  backward  increases  the  demagnetizing  ef- 
fect of  the  armature  and  decreases  the  capacity  of  the  motor, 
and  therefore  must  not  be  indulged  in  too  freely. 

Evidently  then  under  extreme  conditions,  such  as  a  variable 
speed  motor,  where  a  back  field  is  not  available  for  commutating 
purposes,  a  special  commutating  field  must  be  provided  separ- 
ately. One  form  of  auxiliary  field  is  the  winding,  which  was 
invented  in  1895  by  I'rof.  Ryan  and  has  been  called  after  him. 
It  consists  of  a  winding  i)laced  in  slots  on  the  pole  face  and 
carrying  full  load  current.  The  direction  of  these  currents  is 
opposite  to  those  of  the  armature  conductors,  so  that  the  arma- 
ture flux  is  almost  exactly  counterbalanced  at  all  points.  Thus 
the  resultant  full  load  field  form  differs  only  slightly  from  that 
at  no  load.  This  method  works  excellently,  but  has  one  great 
objection.  It  is  very  expensive.  It  is  still  used  extensively  on 
Series  ./.  C".  motors,  where  careful  compensation  of  armature 
reaction  is  absolutely  essential.  But  in  the  case  of  D.  C.  ma- 
chines, quite  as  good  results  are  accomplished  much  more  cheap- 
ly by  the  use  of  interpoles. 

These  interpoles  are  i)laced  in  the  centre  of  the  inier]>olar 
spaces  and  are  wound  with  series  windings,  which  carry  load 
current  in  such  a  sense  that  their  magnetization  opposes  that  of 
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the  armature.  They  are  wound  with  sufficient  turns  to  not  only 
neutraHze  the  armature  t\ux  l:)Ut  to  produce  a  shght  extra  flux 
in  the  opposite  sense,  to  serve  as  a  commutating-  fiekl.  The  field 
distribution  curves  are  shown  in  Fig.  3.  Curve  1  is  for  no  load. 
Curve  2  shows  flux  due  to  armature  and  interpoles,  and  Cur\-e  3 
shows  the  resultant  field  form. 

Since  the  interpoles  are  excited  by  the  load  current,  their 
magnetization  bears  a  constant  ratio  to  that  of  the  armature, 
and  is  therefore  able  to  produce  a  commutating  field  in  the  right 
direction  at  all  loads.  It  will  be  noticed  that  armature  reaction 
is  neutralized  only  in  the  region  of  commutation.  This  is  just 
a  narrow  spot  of  unvarying  width.  "The  question  then  might  be 
asked,  whether  the  same  excitation  is  required  on  the  interpoles 
for  a  given  load  at  both  high  and  low  speeds.  Experiment  has 
proven  that  if  the  excitation  of  the  inter])oles  is  correct  for  high 
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speeds  it  is  also  correct  for  all  lower  speeds.  l""or  although  the 
same  commutating  flux  is  created  at  a  given  load  irrespective 
of  the  speed,  yet  the  /:.  .U.  /".  generated  in  the  short  circuited 
coil  is  ])r(ip()rli(inal  to  llie  speed,  l^hus  a  higii  /:.  .1/.  /'.  is  \r:o- 
vided  for  the  very  quick  reversal  of  the  current  at  high  speed 
and  a  much  lower  E.  M.  F.  is  provided  for  the  slower  reversai 
at  low  speed." 

Fig.  4  shows  the  held  forms  at  low  speed,  i.e.  strong  main 
field.  The  curxes  are  consequently  plotted  on  a  much  smaller 
scale  than  in  the  other  figure,  so  that  the  distortion  due  to 
armature  reaction  and  interpoles  appears  relatively  small. 

The  speed  regulation  of  the  interpole  motor  is  about  the 
same  at  all  speeds.     That  is.  the  rise  of  speed  in  R.  P.  M.  from 
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full  load  to  no  load  is  nearly  the  same  for  all  excitations.  The 
armature  /  R  drop  at  full  load  is  a  definite  fraction  of  the  term- 
inal voltage  irrespective  of  the  excitation  and  must  consequently 
tend  to  cause  the  same  percentage  decrease  of  speed  from  no 
load  to  full  load.  This  drop  would  be  greater  than  in  the  ordin- 
ary shut  motor  since  R  includes  both  armature  and  auxiliary 
field  winding  and  is  consequently  comparatively  'high.  This, 
however,  is  compensated  for  by  the  fact  that  the  auxiliary  field 
tends  to  weaken  the  field  at  full  load,  thus  causing  a  tendency 
for  the  speed  to  rise.  This  fact  may  be  verified  by  a  comparison 
of  the  curves  in  Figs.  2  and  3.  These  two  efifects  combine  to 
_give  t'he  machine  a  speed  regulation  which  is  quite  as  good  as 
that  of  t'he  average  shunt  motor  of  the  same  rating. 

The  efficiency  for  any  given  load  is  practically  constant. 
When  load  is  constant,  armature  current  is  constant,  and  then 
torque  varies  directly  with  the  armature  flux,  whereas  speed 
varies  inversely  as  the  flux.  Since  power  output  varies  as  the 
product  of  torque  and  speed,  it  is  evident  that  power  output  is 
independent  of  field  flux,  i.e.  it  is  constant  for  a  constant  value 
of  armature  current  or  power  input.  Thus  the  efficiency  is 
•constant. 

These  facts  are  substantiated  fairly  well  by  the  curves  of 
Fig.  5,  whidh  are  derived  from  a  recent  test  on  the  interpole 
motor  in  the  Electrical  Faboratory.  It  will  be  noticed  that  the 
speed  regulation  seems  to  show  a  constant  difference  in  R.  P.  M. 
from  full  load  to  no  load  instead  of  a  constant  percentage,  the 
variation  seeming  to  be  about  60  or  70  R.  P.  M.  for  all  speeds. 

The  greatest  application  of  the  interpole  motor  is  for  ma- 
chine tool  drive.  In  fact  it  was  for  this  class  of  work  that  the 
interpole  motor  was  developed,  and  its  ad\-antages  for  this  and 
other  work  were  brought  to  the  notice  of  the  engineering  pro- 
fession. "The  requirements  of  a  variable  speed  drive  demand  a 
motor,  in  \\hich  all  the  speed  variation  desired  may  1)C  obtained 
in  the  motor  itself  without  the  necessity  of  either  a  \-ariable  vol- 
tage supply  or  a  mechanical  speed  changing  device."  E\idently 
llu'  inlLrpiik'  niotor  fits  tliese  recjuirements  exactly,  'i'he  elim- 
inaliDU  of  ihc  niuUi-\( iltage  system  effects  a  great  saving  in 
wire,  and  tends  to  siin])licily  in  both  the  generation  and  applica- 
tion ot"  power.  The  advantage  of  a  uniform  speed  gradation, 
•over  the  wide  speed  changes  effected  by  any  mechanical  device, 
..need  scarcely  be  em])hasized.  The  speed  ratios  employed  in 
practice  vary  all  the  way  from  2-1  to  6-F 

The  motors  are  .generally  'handled  b\-  controllers  of  the 
drum  tvpe.  having  contacts  for  line,  armature,  and  starting  re- 
sistance on  the  drum  and  a  field  rheostat  at  the  bottom,  whose 
arm  is  keyed  to  the  main  spindle  and  moves  witli  it.  The  con- 
tacts of  the  drum  are  so  arranged  that  the  armature  polarity 
mav  be  reversed  thus  changing  the  sense  of  rotation.  This  also 
reverses  the  polarity  of  the  auxiliary  field,  thus  ensuring  a  com- 
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mutating  field  that  is  always  in  the  proper  sense.  One  common 
form  of  controller  has  16  forward  running-  positions  and  6  back- 
ward. 

It  is  common  practice  to  use  resistances  between  points  of 
such  values,  that  the  successive  speeds  are  in  geometric  ])ro- 
gression.  Thus  for  16  running  speeds  and  a  3-1  ratio  we  have 
a  step  to  step  ^•ariation  of   'l    3=  7.6^f   and  for  6-1  ratio'")    6  = 
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Xl.l^/v.     The  Cdiitniller  may  ])e  niounlcd  in  any  cmiNenient  place 
and  position,  and  with   long  lathes  is  fre(|uentl\-  mounted  on  the 
tool   base   so   tlial    tlie   workman    ma}'   al\\a\-s   control    the   speed 
while  standing  close  to  his  work. 

Several  special  advantages  are  claimed  for  the  use     of  \ari- 
a'ble  speed  motors  in   machine  shop  work. 
(1)      I^limination  of  line  shafting. 
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This  not  only  saves  considerable  power,  but  gives  greater 
convenience  and  flexibility  in  the  ])lacing  of  machines. 

(2)  Safety  and  cleanliness. 

IJclting  is  always  more  or  less  dangerous  and  noisy  and 
inclined  to  throw  oil  and  dust. 

(3)  Improved  and  cheapened  product. 

.Machine  work  is  always  cleaner  cut  when  turned  out  at  its 
proper  speed.  Then,  too,  the  workman  can  push  the  work  well 
up  to  the  safe  limit  and  loses  no  time  in  gear  changing,  etc. 
The  Firth-Sterling  Steel  Co.  found  that  they  were  able  to  pro- 
duce 46%  more  work  from  interpole  motor  driven  machines 
tlian  from  corresponding  belt  driven  machines  in  the  same  time. 

Another  important  use  for  interpoles  is  on  railway  motors. 
They  are  found  to  have  a  good  effect  on  commutation,  prevent- 
ing most  of  the  arcing  and  flashing  which  so  frequently  occurs 
when  the  motor  is  starting  or  is  subjected  to  a  heavy  momentary 
overload  of  any  kind.  One  great  advantage  of  the  interpole 
railway  motor  rests  in  the  fact  that  the  improvement  in  com- 
mutation permits  much  higher  voltages  to  be  used  with  safety. 
E.  H.  Anderson,  designing  engineer  of  the  G.  E.  Co.,  claims 
that  the  commutation  is  better  on  an  interpole  motor  at  1200 
volts  than  on  a  corresponding  type  without  interpoles  at  600 
volts.  He  claims  that  2500  volts  per  motor  would  be  quite  pos- 
sible ;  so  that  by  using  two  motors  in  series  in  a  car,  and  a 
double  track  system  having  the  rails  as  a  grounded  neutral, 
10,000  volts  between  trolleys  might  be  realized.  This  would 
aid  materially  in  the  solution  of  the  problem  of  long  interurban 
lines. 

Interpoles  have  also  been  frequently  applied  to  generators 
on  account  of  the  advantages  gained  in  regulation  and  com- 
mutation. 

The  interpole  motor  has  many  advantages  besides  improved 
commutation,  t'houg'h  most  of  them  are  the  direct  result  of  this 
im])n  )\-c'nu'nt. 

(1)  .\  cleaner  and  safer  motor  on  account  of  the  reduction 
of  carbon  and  copper  dust  from  brushes  and  commutator. 

(2)  Increased  life  of  brushes  and  commutator. 

(3)  Lower  core  densities  may  be  used  and  less  iron,  hence 
smaller  iron  losses;  also  smaller  commutator  losses.  Thus  a 
higher  efficiency. 

(4)  Heating  instead  of  commutation  becomes  the  deter- 
mining factor  in  the  outi)ut  of  the  machine,  so  that  every  pound 
of  material  may  be  worked  to  its  greatest  limit. 

{5)  The  permissible  reduction  of  iron  raises  the  propor- 
tion of  cop])er  to  iron.  i.e.  makes  it  "'a  copper  machine  not  an  iron 
machine."  Thus  a  smaller  and  neater  motor,  though  probably 
not  any  chea])er. 

(6)  Possibility  of  higher  voltages. 

(7)  (ireater  facilitv   in   design. 
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(8)  Possibility  of  increasing  service  capacity  of  motors 
b}'  use  of  forced  ventilation. 

(9)  Gives  a  perfectly  reversible  motor. 

"It  would  probably  be  impossible  to  construct  a  commercial 
5  H.P.  shunt  motor  which  could  be  suddenly  reversed  at  full 
load  without  producing  an}'  sign  of  sparking,  yet  when  com- 
mutating  pole  motors  are  subjected  to  such  treatment  the  re- 
sultant s])arking  is  not  noticeable." 


fM^LCy^^J^  .  f  ^af' 
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Editorial 

This  is  an  era  of  expansion  and  conformably  with  the 
change  in  commerical  conchtions  the  function  of  the  engineer  ;.- 
rapidly  enlarging.  From  his  capacity  of  an 
The  Widening  engineer,  limited  to  the  determination  of  tech- 
Field  of  the  nical  questions,  the  engineer  of  to-day  has  come 
Engineer  lu  assume  an  economic  importance  in  those 
branches  of  industry  dependent  upon  engineer- 
ing skill   for  development. 

He  is  indeed  an  engineer  of  limited  usefulness  who  doe.=; 
not  go  farther  professionally  tlian  to  submit  a  purely  technical 
report  on  the  subjects  presented  for  his  consideration.  While 
he  has  the  same  responsibility  as  formerly  in  the  solution  of  the 
technical  problems  involved,  he  is  further  expected  to  supple- 
ment his  report   with  adxice  on   the    financial    and    commercial 
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aspects  of  these  problems.  Vov  the  great  majority  of  problems 
presented  to  the  engineer  ultimately  involve  the  determination 
of  the  pecuniar}-  relations  of  the  proposition  under  discussion. 

This  is  a  phase  of  engineering  education  which  has  been 
sadly  neglected,  with  the  result  that  the  average  engineer  gets 
the  scientific  part  ground  into  him  to  such  an  extent  that  he 
never  gets  into  the  real  game  and  seldoni  takes  his  proper  place 
in  the  community. 

Owing  to  the  e\'er  widening  held  for  engineers  which  is 
embracing  all  sorts  of  business  the  purely  scientific  engineer  is 
becoming  a  very  decided  minority.  One  of  our  most  promi- 
nent graduates  took  Sstock  of  his  work  recently  and  found  that 
from  two-thirds  to  three-fourths  of  his  time  was  laken  up  in 
VN'hat  might  be  called  the  business  side  of  engineering  and  very 
little  with  purely  technical  matters.  In  other  words  reporting 
on  and  o])erating  properties  and  fleali ng  with  business  situa- 
tions was  of  greater  importance  than  his  purely  technical  work, 
besides  it  paid  much  better 

The  (|uesti()n  arises  can  this  commercial  side  of  engineer- 
ing be  recognized  in  the  curriculum  of  an  engineering  college? 
While  it  cannot  be  hoped  that  an  art  such  as  business  is  can  be 
taught  in  schools  where  science  is  the  main  subject — a  course 
oi  lectures  could  l)e  of  \'alue  if  they  indicate  to  the  student  that 
there  is  a  world  outside  the  purely  technical  that  is  awaiting 
him,  and  which  he  can  occupy  if  he  will  recognize  the  fact  that 
it  is  his.  This  century  belongs  to  the  engineer  more  even  than 
the  last.  We  recognize  this  broadening  field  and  his  education 
has  got  to  cover  it.  1lie  only  difficulty  will  be  the  overloading 
of  the  student  who  already  has  more  subjects  than  he  can  con- 
veniently assimilate.  So  much  is  the  case  that  he  really  has 
little  time  to  think  for  himself,  but  only  to  absorb  lectures.  Does 
the  answer  lie  in  cutting  out  some  of  the  more  purely  scientific 
subjects  or  demanding  a  higher  standard  of  entrance?  How- 
ever, let  the  details  of  working  out  be  what  tliey  may,  it  is  ex- 
l^edient  that  the  Uni\^ersity  of  Toronto  should  do  something  in 
this  line,  and  not  let  her  rivals  outdistance  her.  Xo  criticism 
i.^  more  often  heard  of  the  young  graduate  than  that  he  does 
not  understand  business.  This  criticism  is  made  by  the  man 
who  will  employ  him.  <  )ur  graduates  should  therefore  be  in 
a  position  to  understand  something  of  the  rules  of  the  game, 
so  as  to  be  able  at  least  to  talk  intelligently  to  the  financial 
man,  with  whom  he  will  inexitably  ha\e  to  deal. 

Mueli  has  been  written  from  time  to  time  about  the  ideal 
teacher  in   secondary   education,   but    for  some   reason   \erv   little 

has  been  said  about  the  ideal  lecture  and  lec- 
The   Ideal  turt'r    in    higher     technical    education.      At    the 

Lecturer  same  time  there  is  no  class  of  men  who  lecture 

belore  a  stiulent  body  which  is  so  capable  of 
gixing   an    intelligent   criticism    in    its   broadest    sense   oi   what    is 
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offered  them.  This  crilicisiii,  picking  out  both  good  and  bad, 
would  be  welcomed  by  all  professors  and  lecturers  who  sin- 
cerely pray  with  Burns,  "O  waud  some  power  the  giftie  gie  us 
to  see  oursel's  as  ithers  see  us."' 

With  this  end  in  view,  Professor  llaultain  has  oft'ercd  a 
pri/x'  of  the  choice  of  a  book  on  engineering  to  the  under- 
graduate or  graduate  submitting  the  best  essay  of  two  or  three 
thousand  words  on  the  Ideal  Lecture  and  Lecturer  in  Technical 
Education.  These  essays  will  be  of  course  impersonal.  Pseudo- 
nyms may  be  obtained  from  the  President  of  the  Engineering 
Society.  The  judges  will  be  E.  A.  James.  Editor,  Canadian 
Engineer;  J.  C.  Alurray,  Editor,  Canadian  Mining  Journal;  K.  A. 
MacKenzie,  Editor,  Applied  Science.  The  essays  are  to  be  sub- 
mitted on  or  before  February  1st.  190Q.  and  will  be  printed  in  the 
Februar}'  Applied  Science. 

It  has  been  definitely  decided  to  hold  the  annual  dinner  of 
the  Engineering  Society  on  either  Wednesday  or  Thursday  of 
the  last  week  in  January.  It  is  expected  that 
The  School  this  will  be  the  climax  of  a  series  of  such  func- 

Reunion  Dinner,  tions.  All  circumstances  seem  to  be  working 
together  to  ensure  its  success.  The  original 
plan  of  having  a  reunion  dinner  for  both  graduate  and  under- 
graduate bodies  is  still  in  view,  but  added  to  this  it  has  been 
decided  to  take  advantage  of  the  fact  that  the  annual  meeting  of 
Canadian  Society  of  Civil  Engineers  is  being  held  in  Toronto,  for 
the  first  time,  on  that  date. 

This  in  itself  will  attract  to  the  city  a  great  number  of  our 
graduates,  who  are  connected  with  the  larger  society. 

Added  to  these  it  is  hoped  a  number  from  a  distance  will  be 
attracted  b}-  the  cheap  fares  available  on  the  railroads. 

A  thoroughly  organized  effort  will  l)e  made  by  the  members 
of  dift'erent  graduating  years  to  g-et  a  large  representation  out. 
All  graduates  are  urged  to  turn  in  and  make  the  dinner  a  memor- 
able one.     It  will  undoubtedly  be  a  success. 

It  is  just  possible  that  there  may  be  some  who  harbor  a  feel- 
ing of  resentment  at  not  being  invited 'to  the  presentation  of 
the  portrait  to  the  university.  As  it  was  not  thought  advisable  to 
in  any  way  detract  from  the  success  of  the  dinner  by  splitting  the 
attendance  on  the  two  occasions,  hence  (^nly  the  citv  graduates 
were  specially  invited. 

There  will  be  a  meeting  and  dinner  of  the  graduates  of  the 
School  of  Practical  Science  and  of  the  l-'aculty  of  Api^lied  Science 
of  the  I'niversity  at  the  St.  Charles  Hotel  on  Tuesdav  evening, 
December  15th  at  6  o'clock. 
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THE  ENGINEERING  SOCIETY. 

The  Engineering"  Society  held  its  second  general  meeting  on 
Wednesday,  November  4,  at  8  p.  m.,  in  the  University  Convoca- 
tion Hall.  That  the  meeting  was  enthusiastic  and  largeh^  at- 
tended goes  without  saying,  it  being  the  occasion  of  an  event 
that  will  go  down  with  honor  and  distinction  in  the  records  of 
the  Engineering  Society — viz.,  "The  Presentation  of  the  Portrait 
of  Dean  Galbraith"  to  the  Board  of  Governors  of  the  University. 
It  was  brought  about  through  the  combined  efforts  of  the  gradu- 
ates and  undergraduates  of  the  Faculty  of  Applied  Science. 

Among  those  present  on  the  platform  were  President  Fal- 
coner, Dr.  Hoskin,  E.  W.  Stern,  Prof.  Haultain,  Dr.  Ellis  and 
Dean  Galbraith.  After  a  very  fitting  address,  and  a  few  humor- 
ous remarks,  bringing  back  fond  reminiscences  of  the  early  days 
at  the  School,  Mr.  E.  W".  Stern,  one  of  the  School's  early  and 
most  distinguished  graduates,  presented  the  portrait,  which  was 
received,  on  behalf  of  the  Board  of  Governors,  l:)y  Dr.  John 
Hoskin,  who  in  a  few  well  chosen  words,  thanked  the  graduates 
and  undergraduates  for  the  great  honor  tlu'\'  had  bestowed  on 
the  University,  and  at  the  same  time  paid  numerous  compliments 
to  the  worthy  original.  President  Falconer  and  Dr.  Ellis  were 
quite  profuse,  and  rightly  so,  in  ihcir  praises  for  Dr.  Galbraith, 
enumerating  the  many  things  he  had  done  in  the  interests  of  the 
students  in  engineering  an,d  of  the  engineering  profession  in 
general,  and  also  the  parts  he  had  played  in  the  uplifting  of  tlie 
standard  of  the  h^aculty  of  Applied  Science  to  the  proud  position 
it  now'  holds.  II.  E.  T.  Haultain,  our  recenth-  appointed  pro- 
fessor of  mining  engineering,  and  a  graduate  of  the  School,  ad- 
dressed the  meeting  and  took  great  pride,  lie  said,  in  being  able 
to  compare  our  graduates  most  faxorabl}-  with  graduates  of  any 
other  technical  school  in  the  world.  Dean  Galbraith  was  then 
called  upon  to  address  the  meeting.  He  thanked  the  graduates 
and  undergraduates  for  llie  honor  ihey  had  done  him,  and  then 
gave  them  an  idea  of  the  pleasant  task  he  found  that  of  sitting 
for  a  ])ortrait  to  be. 

(  )n  Xo\eml)er  18,  the  regular  sectional  meetings  were  held.  At 
the  Mechanical  and  Electrical  sectional  meeting  papers  were 
given  by  .Mr.  !•'.  Hagerman.  "()'),  on  "■'i'lie  Installation  of  the 
College  Telephone  .System."  and  h}  Mr.  C.  llughes,  W,  on 
the  "'Toronto  Waterworks  Tunnel."  The  papers  were  well 
written,  and  especially  well  delivered,  llotli  being  of  local  in- 
terest they  ])ro\(iked  a  considerable  amount  of  discussion,  in 
which   many  gond  points  were  brought  out. 

The  regular  Ci\il  and  .\rchilect  sectional  meeting  was 
addressed  by  .Mr.  l".  !•".  King,  a  graduate  of  the  School  in 
"98  and  a  i)ast  president  of  the  ICngincering  .^^ocielw  on  "Con- 
ditions in  .Xorthern  Canada."  Mi'.  King  was  a  member  of  the 
famous  Xcptune  expedition  sent  out  by  the  l)oniinion  ("lovern- 
iiient   for  exploration  purposes  in  the    l'"ar  .\orlli. 
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WHAT  THE  GRADUATES  ARE   DOING. 

E.  W.  Stern,  on  whom  the  homjr  fell  of  presenting  the  por- 
trait of  Dean  Galbraith  to  the  Uni\ersity,  may  be  regarded  as 
one  of  the  "School's"  most  successful  graduates.  He  was  born 
in  Toronto,  August  20th,  1805.  After  obtaining  his  diploma  in 
1884,  he  entered  railway  work  on  the  old  Xorthern  and  Pacific 
Junction  railway,  first  as  rodman  and  then  as  assistant  engineer 
in  charge  of  construction.  Returning  to  the  School  the  follow- 
ing year  he  became  one  of  its  first  Fellows,  and  on  leaving  he 
entered  the  employ  of  the  Passaic  Rolling  Mill  Co.,  Paterson, 
N.  J.  With  this  company  he  was  employed  mostly  on  the  shop 
plans  of  the  Washington  bridge  over  the  Harlem  ri\er,  a  500  ft. 
girder  arch.  In  1887  he  went  west  to  Chicago  as  an  assistant 
engineer  on  construction  of  the  cable  railway.  He,  however, 
soon  left  this  to  enter  the  employ  of  the  Chicago  Bridge  &  Iron 
Co.  From  this  period  on  his  time  has  been  employed  almost 
entirely  on  the  design  and  construction  of  steel  structures  of 
various  sorts — bridges,  roof  trusses,  buildings,  etc.  Such  struc- 
tures as  the  bridge  over  the  Mississippi  at  Winona,  Minn.,  and 
the  Coliseum  at  St.  Louis  are  examples  of  his  work.  He  re- 
turned east  to  Xew  York  in  1898  as  chief  engineer  of  the  Jackson 
Iron  Works.  While  with  this  company  he  was  in  full  charge 
of  the  design  and  supervision  of  construction  of  buildings,  the 
contract  price  of  which  amounted  to  nearly  three  million  dol- 
lars, h^'om  1902  to  the  present  he  has  been  engaged  in  pro- 
fessional ])ractice  as  consulting  engineer,  making  a  specialty  of 
buildings  and  foundations.  During  this  period  he  has  designed 
or  supervised  the  constructional  work  of  fifty-three  buildings, 
the  contract  price  of  the  engineer's  work  of  these  amounting  to 
about  four  million  dollars.  Among  these  are  the  new  Terminal 
station  at  Hoboken.  X.j.,  ihe  new  ferry  stations  at  23rd  Street, 
New  \'ork,  for  the  Lackawana  &  Erie  Railroads;  the  1>.  Altman's 
store  at  iMl'ih  Avenue  and  35th  Street,  Xational  Park  Bank, 
Travelers  Insurance  CO..  Hartford:  Xew  York  Evening  Post. 
State  Library  and  Sui)reme  Court  lUiilding,  Hartford.  He  was 
associated  with  .'^.  I".  Weiskopf  on  the  construction  of  the  thirty- 
two  storey  City  Inxesting  Building  on  pneumatic  caisson  founda- 
tions;  also  on  the  Cnion  Passenger  station.  Chattanooga,  Teim.. 
and  ihe  Stale  Armory.  Ilartfurd.  C'i>nn.  lie  was  elected  a  mem- 
ber of  ilu'  .\merican  Society  ui  L"i\il  luigineers  in  189".  in  1899 
he  married  Miss  l)orolhy  Kohn  of  .Xew  \'ork.  lie  has  two 
children,  llelen,  aged  8.  and  Theodore,  aged  1  year. 

I'),  .\ielley.  '07.  has  accepted  the  position  of  assayer  ai  ."silver 
Oueen   mine,  L'oball. 

X.  P.  V.  Death.  '06.  is  with  Death  !*<:  Watson,  electrical  en- 
gineers and  contractors.     They  are  specializing  on  illumination. 

I'r.'ink  I'.arber,  '()<),  has  been  appointed  C()unty  engineer  of 
York  Count  v. 
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The  question  wliieh  a  3L)ung  man  keeps  asking  liimself  eon- 
tinually  through  his  college  (lays,  and  especially  just  Ijefnrc  he 
graduates,  is,  "What  shall  1  do  next?" 

It  is  a  very  important  cjuestion.  and  one  that  should  he  care- 
fully considered,  for  this  is  really  a  critical  stage  in  his  career.  I 
shall  try  to  help  a  little  by  drawing  from  my  own  ex'periences, 
contining  my  remarks  to  the  work  of  the  Civil  Engineer,  that 
being  the  profession  I  ha\e  followed,  and  I  trust  that  this  paper 
will  be  freely  discussed  and  criticized  by  man}   of  our  graduates. 

Although  some  of  my  remarks  may  a])ply  to  the  work  of  the 
young  mechanical  and  electrical  engineer,  my  o])inions  in  these 
branches  of  the  profession  would  be  largely  that  of  a  layman,  and 
I  will,  therefore,  leave  this  ])art  of  the  held  to  others  more  fami- 
liar with  ii.  In  .Mining  hjigineering  I'rof.  liaultain  has  already 
co\  cred  tlir  giDund  in  his  very  interesting  and  valtiable  pa])er, 
recently  published  in  ■■Ai)j)lied  Science." 

Xow  what  line  of  work  or  specialty  is  the  young  graduate 
aiming  to  follow  latrr  in  life?  Does  he  wish  to  be  in  jjrofessional 
practice  as  a  consulting  engineer,  or  be  the  engineer  employed 
by  a  railroad  or  other  corporation  or  contractor,  or  does  he  wish 
to  engage  in  contracting  or  manufacturing? 

This  (juestion  need  not  be  answered  at  once,  nor  can  it  be 
until  he  has  had  some  vears  of  varied  practical  experience  and 
is  able  to  iudge  for  himself. 

Xow.  I  think  it  will  be  conceded  that  to  be  a  successful 
engineer.  i>v  \'>  be  really  successful  in  the  broad  sense  in  any  of 
the  higher  callings,  a  clear  knowledge  of  a  large  area  of  life 
should  be  aci|uired,  because  only  this  can  give  breadth  and  poise 
and  al)i!ity  to  handle  large  problems  and  develop  in  one  execu- 
tive ability  and  what  may  be  called  the  ethical  cpialities,  or  quali- 
ties of  leadership,  as  distinguished  from  the  technical. 

Technical   cpiaiitications   there   must    be.   but    these  alone   will 
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not  place  one  among  the  chosen  of  his  profession.  There  must 
also  be  the  ability  to  inspire  confidence  in  those  desiring  to  make 
use  of  one's  services,  which  confidence  can  only  be  based  on 
character,  temperament,  and  training,  and  the  ability  to  inspire 
employes  with  a  love  of  system  and  order,  to  maintain  discij>line 
without  harshness,  and  economy  without  parsimony. 

There  must  be  endurance  of  mind  and  body,  and  adaptability, 
thoroughness,  ofificiency,  intensity,  and  imagination  for  possibili- 
ties. Having  thus  briefly  outlined  the  necessary  qualifications 
for  the  successful  engineer  as  they  appear  to  me,  let  us  see  now 
how  the  necessary  preliminary  training  may  be  obtained  without 
too  much  loss  of  time. 

The  young  engineer,  when  he  graduates  at  the  University  of 
Toronto,  has  a  splendid  technical  fovmdation.  I  do  not  believe  a 
better  one  can  be  obtained  anywhere  else.  He  has  been  thor- 
oughly trained  in  the  fundamental  principles  of  his  profession, 
and  no  college  or  viniversity  should  try  to  do  more  than  this. 
There  may  be  post-graduate  work  along  special  lines  of  investi- 
gation, it  is  true,  but  the  real  post-graduate  work  can  only  be 
done  out  in  the  world  when  he  commences  to  take  a  hand  in  the 
game  of  life. 

The  college  cannot  place  responsibility  on  one's  shoulders, 
whereas  as  soon  as  practical  work  is  begun  this  burden  immedi- 
ately commences  to  be  felt,  even  if  the  position  held  is  a  very 
subordinate  one. 

In  college  the  young  engineer  has  just  commenced  to  learn 
engineering,  having  completed  only  the  ground  work  of  his 
education,  and  he  should  begin  at  the  bottom  in  practical  work. 

Such  was  the  advice  given  by  Dean  Galbraith  twentv-four 
years  ago  to  our  graduating  class,  and  ni}-  experience  has  been 
that  there  could  have  been  none  better. 

The  first  years  after  leaving  college,  therefore,  should  be 
spent  in  obtaining  ex])erience.  as  broad  as  possible,  just  as  the 
young  graduate  physician  does  in  going  from  one  hospital  to 
another  to  improve  himself  and  broaden  his  training. 

In  our  profession  in  the  early  stages,  the  old  moiio  alxait 
"The  Rolling  Stone"  does  not  apply.  While  the  young  engineer 
does  not  gather  moss  he  gathers  what  is  much  better.  e.\-|)erience 
—-experience  of  the  world,  e.xperience  of  tiu-ii  anrl  of  tilings,  and 
his  corners  get  rounded  ofif. 

[t  was  just  for  this  reason  that  in  former  days  the  artisan, 
having  completed  his  term  of  apprenticeship,  started  out  as  a 
journeyman,  to  improve  himself  by  travel  and  variety  of  experi- 
ence through  contact  with  the  outside  world  in  different  places 
b.cfore  settling  down  to  his  vocation. 

The  young  engineer,  therefore,  should  C(.ninu'ncc  at  the  bot- 
tom, seeking  that  employment  which  will  bring  him  out  on  the 
work,  so  that  he  can  see  how  engineering  construction  is  actually 
carried  on.  and  how  men  are  handled.  Uc  should  learn  as  early 
as  possible  to  understand  men,  not  onlv  the  man  with  the  pick 
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and  shovel,  the  iron  erector,  or  the  concrete  mixer,  but  also  the 
man  above  him.  This  knowledge  cannot  be  acquired  too  early, 
nor  can  the  subject  be  studied  too  carefully.  It  is  of  much 
greater  importance  to  his  future  advancement  than  technics 
alone. 

He  will  soon  learn  some  fundamental  things.  He  will  find 
chat  the  day  labourer  is  a  human  being,  having  all  the  human 
weaknesses  of  character  which  we  have,  perhaps  more  accentu- 
ated on  account  of  his  lack  of  education,  but  having  at  the  same 
time  a  sense  of  right  and  wrong.  It  will  be  found  that  he  can  be 
reasoned  with  and  under  j)roper  leadership  takes  j^ridc  in  his 
work. 

It  will  be  found  that  the  man  who  is  able  best  to  direct  these 
men  is  not  the  loud-swearing  boss,  but  the  quiet-mannered  man 
of  firm  character,  who  thoroughly  knows  his  work,  and  gets  it 
done  right  without  much  friction.  He  has  a  pleasant  word  for 
everyone  who  is  doing  his  duty.  And  those  who  are  not  doing 
their  duty  are  not  on  the  job  ;  but  let  it  not  be  forgotten  that  this 
type  of  leader  knows  his  work  thoroughly.  In  his  spare  moments 
he  is  thinking  out  methods  of  how  to  economize  in  labor  and 
how  to  [)rotect  his  men  against  accidents,  and  also  hcnv  to  con- 
serve his  employer's  interests;  he  is  ne\er  fomul  drinking  with 
his  men  ;  they  vuisf  respect  him. 

There  are  such  men  as  these,  born  leaders,  on  all  kinds  of 
work — in  the  backwoods,  on  construction,  and  in  the  shop.  Even 
if  one  never  becomes  a  contractor  nor  employs  labor,  he  must 
learn  to  appreciate  this  type  of  man,  because  some  day  when  he 
is  high  enough  up  there  will  be  such  men  under  him,  and  he 
must  know  how  to  win  their  respect  and  confidence. 

The  engineer  may  be  ever  so  successful  as  an  ofiice  man,  still 
some  day  he  will  find  that  his  lack  of  knowledge  of  men  is  a  very 
serious  obstacle  in  his  upward  career,  for  an  engineer  to  rise  to 
the  top  must  be  a  leader  among  men. 

My  advice,  therefore,  on  starting  out  in  life  to  the  young 
engineer  is  that  he  should  not  put  on  any  academic  frills  or  patro- 
nizing airs.  There  will  be  very  unpleasant  experiences  other- 
wise, and  such  dei)ortment  is  a  great  handicap.  He  should  be 
modest  and  thorough.  If  he  is  of  the  right  stuff  he  is  bound  to 
come  up,  without  any  such  useless  accessories. 

Now,  what  kind  of  work  will  enable  one  to  gain  the  best 
experience  in  the  shortest  time,  for  mass  of  experience  alone 
does  not  count  unless  it  is  broad  and  varied. 

Railroad  construction  on  heavy  work,  especially  in  unsettled 
countries  or  out-of-the-way  places,  is,  1  believe,  the  very  best 
kind  of  experience  to  get  immediateh'  after  leaving  college,  be- 
cause one  gets  up  against  first  principles,  as  it  were,  and  sees 
how  things  are  done  from  the  very  bottom. 

The  life  breeds  self-reliance  and  disposition  to  stand  physical 
hardships,  both  of  which  are  indispensable,  and  should  be 
learned  earlv,  and  the  staff  is  thrown   into  more  intimate  rela- 
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lionship  ihaii  in  more  settled  communities,  besides  railroad  con- 
struction will  enable  one  to  see  all  kinds  of  work  under  way — 
the  surveyinf^.  the  clearing  of  the  timber,  earthwork,  rock  excava- 
tion, masonry,  concrete,  pile-driving,  bridge  building,  track  lay- 
ing, and  ballasting,  and  perhaps  tunneling,  and  it  will  be  a  life 
out  in  thie  open  air,  and  the  further  aAvay  frc-m  ci\ilization  for  a 
time  the  better  the  exi)erience. 

It  may  be  necessary  to  commence  the  work  in  the  wilderness. 
where  even  food  supplies  at  first  may  have  to  be  brouglit  in  on 
the  backs  of  men.  exemi)lifying  the  earliest  and  most  primitive 
methods  of  transportation:  and  when  the  work  is  final. y  com- 
pleted and  the  welcome  locomoti\-e  appears  at  the  eiul  of  track, 
one  engaged  in  such  work  will  have  seen  the  cpiick  e\()lution  in 
a  few^  short  months,  from  the  most  primitive  to  the  most 
advanced  method  of  transportation,  made  possible  by  the  gradual 
progress  of  science  throughout  the  many  centuries,  by  the  know- 
ledge it  has  given  the  modern  engineer  to  enable  him  to  control 
the  forces  of  nature  for  the  benefit  and  use  of  mankind. 

The  lessons  thus  learned  are  never  forgotten.  Often  do  1  find 
m\  self  recalling  with  profit  some  experience  gained  on  nn'  rail- 
road and  surv^ey  work  of  many  years  ago.  iM'en  the  hardships, 
the  rough  life,  the  plain  food  (and  sometimes  e\-en  the  lack  of 
this),  the  mostpiitos  and  black  fiies  and  other  things,  are  remem- 
bered with  pleasure,  for  it  was  a  life  of  strenuous  work  along  the 
blazed  trail,  through  the  unknown  forest  and  o\er  the  hills,  and 
it  was  a  struggle  with  the  elemental  forces  of  nature,  and  some- 
how most  of  us  have  enough  of  the  primitive  man  in  liim  to 
iiistincti\el\'  enjoy  what  our  ancestors  had  to  do. 

After  having  two  or  three  years'  ex])erience  on  railroad  or 
other  constructional  work  in  a  more  or  less  .^-ubordinate  position, 
it  is  time  for  a  change  back  to  the  office:  and  1  would  suggest 
entering  a  bridge  or  structural  sho]).  commencing  in  the  dranght- 
ing-room  on  shop  drawings. 

I  ha\e  suggested  a  bridge  and  structural  sho])  ioi'  the  liist 
experience  at  tlie  shop,  because  the  training  tlwre  obtained  i^ 
fimdamental.  All  the  methods  are  generally  developed  to  a  high 
dgree  of  relinement,  and  economy  has  beiii  \  ir\-  carefullv  studied 
both  in  manufacture  and  handling  of  the  m;iteri;il. 

A  large  Concern  is  not  desirable,  because  tlu'  detailing  work 
is  N'cry  much  sul)-di\ided  :  howexer.  a  iew  months'  experience 
in  such  a  place  would  do  no  harm,  if  oid\  to  learn  llieir  methods: 
but  in  a  smaller  concern  there  is  more  chance  of  seeing  wliat  is 
being  done  in  the  sliop.  and  \ery  often  it  is  possible  to  be  sent 
out  on  the  erection. 

One  will  be  able  to  leani  the  lundamentals  ^>\  shop  work  at 
first  hand,  such  as  templ;ite  and  i)attern-making.  the  use  of  the 
tools,  the  handling  ot  the  material  l)y  cranes  and  derricks,  and 
the  making  of  erection  plant  and  rigging. 

In   the   office   the    inslrnction    is   also    fundamental,      .-md      tlu- 
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knowledge  gained  applies  to  many  branches  of  engineering  <nit- 
side  of  buildings  and  bridges. 

It  must  not  be  thought  for  one  instant  that  a  draughtsman 
is  an  engineer.  An  engineer  must  be  a  draughtsman,  just  as  he 
must  know  a  good  deal  about  surveying,  although  a  surveyor  is 
not  necessarily  an  engineer. 

He  should  spend  every  moment  of  his  sjjarc  time  in  watching 
the  work  he  details  go  through  the  shop.  and.  if  possible, 
should  see  how  it  is  erected.  In  my  earl}-  days  I  used  to  put  in 
the  time  after  draughting  hours,  and  even  at  nights,  when  the 
shop  was  working  overtime,  in  the  shops,  in  order  to  get  posted 
on  the  process  of  manufacturing.  Xo  reasonable  employer  will 
refuse  this  permission,  and  if  such  is  not  granted  I  would  advise 
a  change  to  .some  other  establishment.  It  has  been  my  exi)eri- 
ence  that  the  high  grade  employer  was  very  willing  and  anxious 
to  have  his  office  men  take  an  interest  in  such  things — he  is  look- 
ing for  just  llial  kind  of  men. 

One  should  be  punctual,  and  not  be  the  last  to  come  in  and 
the  first  to  (piit  work,  lie  should  be  diligent  and  intense  in  his 
work,  and  not  loaf  or  '"soldier"  like  the  old  fellows — thev  remain 
draughtsmen  all  their  life.  He  should  be  thorough,  using  great 
care  to  be  exact  when  necessary.  For  instance,  very  often  draw- 
ings may  be  freehand  sketches  if  the  figures  are  correct,  and  all 
ihc  information  gi\en.  .Shop  drawings,  nowadays,  are  largely 
conventional.  It  is  not  really  draughting  in  the  broad  sense  of 
the  word  at  all;  therefore,  do  not  waste  time  on  unnecessary 
work,  but  be  very  careful  not  to  omit  information  that  the  man 
in  the  shop  needs.  These  remarks  do  not,  of  course.  api)ly  to 
scale  drawings,  which  should  be  carefully  and  neatly  made. 

It  is  of  great  imjiortance  to  know  how  to  letter  neatly  and 
nipidlv.  It  "very  often  aids  one  to  obtain  the  first  ])osition  in  the 
draughting-room,  for  very  likely  the  first  (piestion  asked  the 
a])i)licant  is.  after  having  stated,  that  he  has  had  a  technical 
education,  is  to  see  samples  of  his  draughting,  and  if  the  lettering 
i.--  (lone  neatly,  not  only  may  it  get  him  a  position,  but  secure 
his  advancement  much  more  ra])idly  from  the  draughting  <'f 
sho])  details  to  the  making  of  general  plans. 

It  is  not  necessarv  or  advisable  to  stay  for  months  on  shop 
details  of  simple  work.  After  the  routine  is  ac(|uired,  one  shcnild 
try  to  get  advanced  to  more  difficult  work  by  winning  his 
emplo3'er's  confidence  in  his  ability  to  do  it. 

He  should  not  get  despondent  if.  by  reason  of  lack  of  open- 
ings, he  has  to  stav  longer  in  a  subordinate  ])osition  than  he  feels 
he  ought  to.  Me  will  know,  if  he  is  honest  with  himself,  when 
the  time  comes  to  make  a  change  to  another  employer. 

He  should  be  very  careful,  however.  n..t  to  change  unless  for 
a  very  good  reason.  '•Stickativeness"'  at  the  right  time  is  a  valu- 
able asset,  but  when  he  does  leave  he  should  try  his  level  best 
to  make  his  deiavture  a  source  of  regret,  rather  than  ot  joy.  to 
his  former  employer. 
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While  at  the  bridge  shop  the  method  of  organization  should 
be  thoroughly  studied.  Tt  is  as  plendid  opportunity,  and  should 
not  be  lost. 

Carnegie  was  once  asked  to  write  an  article  on  Organization. 
He  said  he  would,  but  his  price  would  be  very  high.  "How 
high?"  was  asked.  "Five  million  dollars,"  was  his  answer.  The 
knowing  how  to  create  such  an  organization  as  the  Carnegie 
Steel  Co.  was  worth  that  amount  to  anyone  who  really  wanted 
to  know.  He  further  said:  "You  may  take  all  the  machinery, 
all  the  plant,  all  the  business,  away  from  the  Carnegie  Steel  Co., 
but  leave  me  my  staff  and  organization,  and  I  will  have  it  all 
back  in  five  years."  He  has  often  said  that  his  success  in  life  has 
been  due  to  his  knowledge  of  men. 

The  knowing  how  to  perfect  an  organization  of  human 
machinery  is  the  most  valuable  knowledge  one  can  have,  and 
exceeds  technical  qualifications,  but  one  must  know  the  technics 
in  general  to  be  able  to  perfect  an  organization. 

One  should  stay  at  the  shop  long  enough,  if  he  ultimately 
thinks  of  becoming  a  bridge  or  structural  engineer,  to  know  how 
t*".'  design,  detail,  build  in  the  shop,  and  erect  buildings  and 
bridges.  In  my  opinion,  no  engineer  is  thoroughly  competent  to 
design  unless  he  knows  also  how  to  construct  the  work  which  he 
ciesigns. 

After  being  at  this  work  three  or  four  years,  and  having 
already  been  on  construction  two  or  three  years,  the  young 
engineer  will  have  completed  the  bottom  course  of  his  founda- 
tion in  practical  work.  He  will  have  been  up  against  first  prin- 
ciples, as  it  were,  in  both  construction  in  the  field  and  in  the 
shop.  He  should  now  look  about  him,  and  tr}-  to  see  whither 
he  shi-iuld  begin  to  steer.  He  will  by  this  time  be  able  to  tell 
from  his  own  experiences,  whether  or  not  he  wants  to  remain  a 
professional  civil  engineer  with  some  specialty  untimately  m  view 
or  whether  or  not  to  go  into  some  line  of  manufacturing  work 
or  contracting. 

If  at  this  time  he  has  the  means  to  travel  he  should  spend  a 
year  abroad  if  he  intends  being  a  professional  engineer,  studying 
European  methods  and  designs.  This  study  should  be  abroad 
and  far-reaching. 

He  need  not  hesitate  about  engaging  in  manufacturing  or 
contracting  work  if  he  has  the  taste  for  it.  The  technical  train- 
ing and  practical  experience  already  obtained  are  a  splendid  foun- 
dation for  this.  He  will  be  able  to  tell  when  the  time  comes 
whether  or  not  he  is  fitted  for  this  kind  of  work.  One's  tempera- 
ment has  a  great  deal  to  do  with  liis  success  as  a  contractor  or 
manufacturer. 

It  is  of  value  to  know  something  about  bookkeeping  and 
stenography  might  be  valuable,  as  there  are  many  cases  where 
private  secretaries  have  been  able  to  rise  to  very  important 
positions. 

Another  imixutant  thing  is  the  keeping  of  costs  of  all  kinds  of 
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work.  My  practice  has  been  to  keep  these  on  rei^ular  card  index- 
filing  cards.  The  cost  memos  should,  to  be  of  any  value,  record 
not  only  the  amount  of  the  material  used  and  the  price  per  unit 
for  this  material,  but  also  the  number  of  hours  and  rate  of  wages 
of  the  different  kinds  of  labor. 

The  salary  which  an  engineer  receives  during  his  first  years  is 
of  the  least  importance.  In  seeking  employment  it  should  be  the 
value  of  the  experience  in  building  his  foundation  of  knowledge 
which  should  count,  unless,  of  course,  there  are  special  reasons 
why  he  should  earn  as  much  salary  as  possible. 

I  do  not  mean  to  say  he  should  be  satisfied  with  a  nominal 
salary  or  less  than  what  is  the  prevailing  rate  of  compensation 
for  the  same  kind  of  work.  This  he  should  obtain,  as  he  would 
be  doing  both  himself  and  his  profession  an  injustice  if  he  does 
not.  What  I  mean  to  say,  however,  is  that  if  two  positions  are 
offered,  in  one  of  which  the  salary  is  less  than  the  other,  but  in 
which  there  is  a  chance  of  obtaining  more  varied  practical  know- 
ledge and  ultimately  securing  greater  salary,  the  former  should 
be  selected  instead  of  the  latter. 

Each  position,  no  matter  how  subordinate,  should  be  looked 
upon  as  a  stepping-stone  to  something  better,  and  every  experi- 
ence, even  if  unfortunate,  be  remembered,  for  such  lessons  are  of 
great  value.  One  actually  learns  more  from  his  failures  than 
from  his  successes. 

I  have  been  asked  frequently  by  young  engineers  if  they 
should  accept  positions  in  the  tropics  in  unhealthy  districts,  and 
my  advice  has  always  been  not  to  do  so,  for  one  should  not 
handicap  his  whole  future  career  by  risking  his  health  in  his 
early  years,  and  it  is  not  at  all  necessary.  There  are  plenty  of 
positions  oj^en  in  Canada  and  the  United  States,  and  there  is 
always  a  scarcity  of  thoroughly  competent  men  to  fill  them. 

As  to  positions  in  Municipal  Bureaus  or  under  the  Govern- 
ment, I  would  advise  against  these  in  the  earlier  stages  of  prac- 
tical work,  because  I  think  that  broad  and  strenuous  experience 
is  better  gained  elsewhere.  It  is  time  enough  after  the  founda- 
tion has  been  thoroughly  laid  to  step  into  a  position  under  Gov- 
ernment, if  it  is  desirable. 

And  now,  just  a  few  words  more  of  advice  to  the  young 
engineer.  He  sliouid  not  drag  out  the  work  he  has  to  do,  in 
attempting  a  degree  of  refinement  which  it  does  not  warrant,  yet 
he  should  not  get  careless ;  when  he  feels  that  he  is  getting  that 
way  he  should  shake  himself  up  a  bit,  or  the  boss,  if  he  is  of  the 
right  kind,  will  surely  do  so.  He  should  apply  the  rule  of  com- 
mon sense  to  everything  he  does.  After  having  completed  a 
design,  for  instance,  let  him  forget  all  about  the  theory  and 
matliematics  involved,  and  try  to  look  at  it  from  the  standpoint 
of  practicability — the  shop  processes,  the  erection  of  the  work  in 
the  field.  Let  him  seek  eagerly  the  results  of  practical  experi- 
ence, and  listen  with  respect  to  advice  of  even  the  rulc-of-thumb 
practical  man  who  knows  his  work.     He  should  not  try  to  get 
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another  man"s  job.  He  should  be  loyal  to  the  man  a])ove  him. 
If  he  cannot  be  so  on  account  of  this  man's  lack  of  integrity,  he 
should  either  ask  for  a  change  or  resign.  But  onl}-  a  peculiarity 
of  temperament  in  his  employer  is  not  a  sufificient  excuse  for  a 
change.  One  must  learn  to  be  tactful  and  to  get  along  with 
people  both  above  and  below  him. 

A  tendency  to  change  one's  position  too  often  without  just 
cause  shows  a  lack  of  steadfastness. 

An  employer  always  wants  to  know  why  one  seeking  employ- 
ment has  changed  from  one  position  to  another,  and  the  reasons 
given  are  carefully  considered  in  the  estimate  he  form>  of  the 
applicant's  character. 

I  would  advise  in  making  application  for  positions  to  clearly 
but  briefly  state  exactly  what  the  previous  positions  ha\e  been, 
and  the  experience  obtained,  and  the  reasons  for  lea\'ing  each  of 
these. 

A  copy  of  a  testimonial  from  each  employer  should  be  sent 
with  the  application.  A  personal  interview  is  ahvavs  to  be 
desired  if  possible,  as  it  enables  the  employer  to  "size  up"  his 
man. 

The  young  engineer  should  associate  himself  with  the  local 
engineering  club  if  one  happens  to  exist,  and  should  early  join 
the  Canadian  or  American  Society  of  Civil  Engineers,  or  both, 
and  keep  fully  abreast  of  the  times  in  technical  matters.  He 
j'hould  mix  with  those  in  other  professions  and  with  business 
men,  and  become  known  in  the  place  where  he  lives.  Besides,  he 
should  not  neglect  his  general  education,  for  after  leaving  college 
he  has  only  commenced  to  be  educated  in  the  broad  sense.  His 
reading  should  be  as  diversified  as  possible — in  history,  econo- 
mics, and  general  literature,  so  that  some  day  he  may  become  a 
well-balanced  all-around  man,  not  only  a  credit  to  the  noble  pro- 
fession he  has  chosen  for  his  life's  work  and  to  his  Alma  Mater, 
but  also  to  the  communitA-  wherein  he  lives. 


I'lhis  paper  of  Mr.  Stern's  cannot  but  be  of  mutual  interest 
to  the  undergraduate  and  young  civil  engineer.  ^Ir.  Stern  and 
the  editor  are  anxious  to  have  the  article  freely  discussed.  Applied 
Science  will  prim  the  discussion.  Mr.  Stern  will  sum  u])  and 
complete  the  same  in  the  April  number.  .\e\t  year  it  is  intendc<l 
to  take  up  the  discussion  of  ■■'I'lie  ^■<lung  I'Jectrical  and  Mechani- 
cal Engineer." — Editor.] 
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A  NOTE  ON  THE  RELATION  OF  THE  MINING 
ENGINEER  TO  THE  PUBLIC. 

H.   E.    r.    HAULIAIN. 

"The  learned  professions"  was  a  term  of  our  fathers.  They 
had  the  Church  and  Law  and  Medicine  and  to  these  they  per- 
haps added  as  an  "honoiiralile"'  rather  than  as  a  learned  profes- 
sion that  of  Arms,  and  this  covered  the  list  of  the  professions  as 
distinguished  from  other  walks  of  life.  We  still  use  the  term 
and  in  an  unthinking  way  with  about  the  same  limitations.  But 
— nowadays,  is  not  engineering-  one  of  the  professions? 

What  is  a  ])rofession?  Who  defines  the  word?  What  is 
not  a  profession'  In  these  days  what  is  not  learned?  Many 
trades  call  for  mental  activity  of  a  higher  order  and  for  more 
knowledge  than  did  the  professions  of  our  grandfathers.  Should 
we  use  the  term  or  drop  it?  Should  we  modify  it  by  the  words 
learned  or  honorable  or  both?  In  contradistinction  to  what  other 
terms  should  we  use  it? 

I  am  in  the  dark.  1  grope.  I  would  grasp  that  quality  or 
that  function  of  engineering  which  makes  it  one  of  the  profes- 
sions. But  perhaps  it  is  not  a  qualit}-  nor  a  function,  nor  even 
an  essence,  but  rather  a  blending  so  subtle  as  to  defy  isolation  or 
definition.  My  engineering  spirit  rebels.  1  not  only  want  to 
isolate  this  something  but  I  want  to  measure  it  and  having  failed 
my  engineering  spirit  shies  away,  retires  in  disappointment  at 
failure,  and  goes  back,  content,  perforce,  with  the  overalls  and 
the  rule  and  the  things  with  which  they  fit.  But  we  really  are 
with  the  Doctors  and  with  the  Divines  and  with  the  Lawyers. 
But  how?  -Are  we  not  learned?  We  are  honourable.  Are 
we?  Is  that  the  essence  that  we  must  isolate  and  measure. 
Who  defines  honour  ?  If  it  is  a  fimction  how  do  you  express  it. 
If  it  is  a  (|uality  how  do  you  measure  it.  Is  it  also  a  complex 
blending? 

Perhaps  the  term  profession  should  be  shied  away  from.  Are 
there  not  other  words  that  we  shun?  Honour,  for  example,  yes! 
and  gentleman.  In  all  pntbability  their  undefineableness  pre- 
serves their  sacredness  and  their  strength,  yes.  and  strange  as  it 
may  seem  perhaps  their  educative  \aluc.  Gentleman  is  often 
a  much  abused  and  a  hateful  word  and  so  is  perhajjs  honourablc- 
ness.  l')Ut  still  they  have  a  great  educative  \'alue  and  we  must 
not  lose  them. 

Is  it  not  perhaps  in  public  ser\ice  and  honourablencss  that 
are  to  be  foimd  the  main  characteristics  uniting  the  professions? 
Learnedness  counts  for  little  in  these  day>  wliere  there  is  high 
mental  activity  in  so  many  directions.  Public  service  alone  is 
not  a  characteristic  of  the  professions,  though  Kipling  tells  us 
that  Lalim's  was  the  most  ancient  of  professions. 

But   these  arc  wanderini's.        1    want   to  brinij    the  mind  of 
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the  Engineer  and  more  particularly  the  Mining  Engineer  to  the 
question  of  public  service  and  honourableness  in  his  profession 
and  this  can  be  done  by  the  consideration  of  a  particular  phase 
of  his  work.  The  Consulting  alining  Engineer  sits  in  his  office 
waiting  the  call  of  the  public  just  as  do  the  Doctor  and  the 
Lawyer.  He  has  to  live  so  he  charges  a  fee  as  do  the  Doctor 
and  the  T>aw3^er.  But  before  the  fee  is  arranged  for,  and  even 
without  a  fee  the  Doctor  and  the  Lawyer  and  the  Engineer  are 
honourable  men  to  whom  personal  secrets  may  be  safely  told. 
And  the  best  of  information  and  advice  is  at  the  service  of  the 
would-be  client. 

The  client  gets  a  disinterested  opinion  to  the  best  of  the 
ability  of  the  Lawyer  or  the  Doctor  or  the  Engineer.  Disin- 
terested was  the  word  I  used.  That  is  the  quality  of  honour- 
ableness that  we  can  isolate  and  measure.  If  disinterestedness 
is  not  the  all  of  honourableness  it  is  the  main  ingredient  of  the 
blend. 

The  professional  man  considers  only  the  good  of  his  client 
— if  he  cannot  do  so  he  does  not  accept  the  client  as  his.  But  is 
this  all?  .Another  client  visits  the  Doctor  and  is  prepared  to 
pay  a  large  fee  and  demands  the  best  treatment  at  his  hands,  but 
he  finds  this  client  has  smallnox  and  immediately  his  attitude 
towards  him  is  somewhat  changed.  His  first  thought  is  not 
for  the  client  but  for  the  public.  He  will  do  the  best  he  can  for 
his  client  but  subject  always  to  the  good  of  the  public.  The  client 
cannot  be  allowed  to  travel  to  his  friends — he  cannot  have  the 
most  comfortable  of  quarters — he  cannot  even  have  his  secrecy 
and  pri\^acy  entirely  preserved.  The  public  is  the  Doctor's  first 
client,  and  takes  right-of  way.  The  Doctor's  will  in  this 
respect  is  strengthened  by  the  law  of  the  land,  but  the  law  had 
its  inception  under  the  guidance  of  the  Doctors. 

The  Lawyer's  philosophy  is  not  quite  so  fine.  The  Lawyer 
is  a  special  pleader  and  will  accept  as  a  client  an  enemy  of  the 
public  good  and  will  protect  him  from  the  public. 

Is  this  quite  true?  Nominally,  No!  but  in  reality — yes! 
But  with  this  difl!'crence,  the  Lawyer  does  this  only  in  open  court 
where  the  public  also  has  its  Lawyer  to  defend  itself  and  the 
game  is  played  in  the  open.  But  we  must  remember  that  the 
Lawyer  is  a  special  pleader  and  presents  his  case  from  his 
client's  point  of  view  even  to  the  extent  of  withholding  truths 
and  distorting  evidence. 

This  is  much  below  the  standards  of  the  Doctor  and  yet  is 
compatible  with  honourableness  for  this  reason  and  only  this  rea- 
son that  it  is  done  publicly  and  openly  in  the  presence  of  an 
opposing  counsel  and  a  controlling,  judgment  giving  judge. 

How  is  it  now  with  our  Engineer  and  his  client?  A  client 
says:  I  am  thinking  of  buying  B's  mine.  Will  you  examine  and 
report  on  it.  The  Engineer  does  so  and  condemns  the  mine, 
and  advises  A  not  to  purchase.  B  goes  to  the  Engineer  and 
says:  T  want  to  sell  my  mine  to  the  public  at  a  large  figure.       I 
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am  going  to  promote  a  company  and  I  want  an  Engineer's  report 
for  the  prospectus. 

Now,  what  is  this  Engineer  going  to  do?  Is  he  a  special 
pleader  taking  his  client's  fee  and  making  the  best  of  his  client's 
case  by  withholding  some  truths  and  even  distorting  some  evi- 
dence that  his  client  may  sell  his  mine  to  the  public?  No!  most 
decidedly.  Xo !  Unfortunately,  he  cannot  publicly  proclaim  the 
man  as  does  the  Doctor  with  his  case  of  smallpox.  All  he  can 
do  is  to  refuse  a  garnished  report.  Now  here  is  the  danger  and 
the  trouble  of  it  all.  The  man  with  the  no-good  mine  goes  to 
another  man  who  says:  I  am  an  Engineer;  I  will  make  you  out 
your  report.  This  other  man  may  have  no  claim  whatever  to 
be  an  Engineer  but  the  public  does  not  know  this.  But  there 
are  others  who  have  been  Engineers  who  now  do  this  kind  of 
thing  because  of  greater  or  easier  gain,  but  they  are  the  prosti- 
tutes of  the  profession,  and  they  should  be  ostracized. 

The  Doctors  have  their  ]\Iedical  Council — the  Lawyers  have 
their  Law  Society  and  they  tell  the  public  who  are  Doctors  and 
who  are  Lawyers  and  they  exercise  some  control  over  the  stand- 
ards of  their  professions.  But  in  Canada  we  have  no  Society 
of  Mining  Engineers  corresponding  in  any  way  with  the  Law 
Society  and  we  have  no  publicly  recognized  ethics  of  Engineer- 
ing. Is  not  the  larger  duty  before  the  Engineer  in  all  branches 
to-day  the  recognition  of  the  public  service  and  of  the  honourable- 
ness  of  his  profession?" 
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C.  R.  YOUNG,  B.A.Sc. 

Except  in  the  case  of  plate  girders  of  small  size,  it  is  generally 
impracticable,  and  sometimes  impossible,  to  construct  a  girder 
without  one  or  more  web  splices.  The  rolling  mills  do  not 
manufacture  plates  over  certain  extreme  lengths  depending  upon 
the  width  and  thickness,  and  these  limits  cannot,  therefore,  be 
exceeded  in  design.  The  price  per  pound  of  the  extreme  sizes 
of  plates  is  at  the  same  time  higher  than  for  those  of  more 
moderate  dimensions,  so  that  the  use  of  several  plates  with 
splices  might  be  a  cheaper  arrangement  than  employing  a  single 
plate.  It  also  frequently  happens  that  the  necessity  for  despatch 
in  the  work  does  not  permit  waiting  for  the  delivery  of  full- 
length  plates  from  the  mills,  and  so  the  girder  is  made  up  of 
shorter  ones  which  chance  to  be  in  stock  at  the  time. 

The  splice  provided  at  a  given  section  must  obviously  be 
capable  of  safely  resisting  whatever  stresses  exist  in  the  web  at 
that  section  under  the  most  unfavorable  condition  of  loading. 
What  this  latter  is  must  be  ascertained  by  calculation.  In  the 
case  of  girders  carrying  moving  loads  it   may  chance   that  the 
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splice  will  be  more  heavily  stressed  under  the  maxinuini  shear 
at  the  section  with  the  corresponding  moment  than  under  the 
maximum  moment  with  the  corresponding  shear.  This  is  not 
likely  to  occur,  however,  for  splices  nearer  the  centre  of  the 
girder  than  one-quarter  of  the  span  length,  and,  as  will  be  shown 
later,  the  splice  will  generally  be  amply  strong  if  designed  for 
the  maximum  moment  sustained  by  it,  without  regard  to  the 
efifect  of  the  corresponding  shear.  In  keeping  with  the  common 
practice  of  making  the  details  of  a  structure  such  as  to  develop 
the  full  strength  of  the  main  material,  web  splices  are,  however. 
freqneiitlx-  designed  to  de\elo]j  the  full  cajiacitv  of  the  net  section 


^p/s.^/y'^i'' 
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of  the  web,  and  not  merely  to  resist  the  calculated  stres,>-es  that 
might  arise  at  the  joint. 

When  the  arbitrary  assumption  is  made,  as  some  specitica- 
tit)ns  rc(|uire.  that  the  web  is  not  to  be  regarded  as  resisting  any 
of  the  bending  moment,  the  splice  need  not  be  proportioned  to 
take  bending  stresses,  but  merely  the  shear  at  the  section.  It 
then  consists,  as  shown  in  b'igure  1.  of  two  vertical  plates,  one 
on  each  side  of  the  web.  extending  from  the  inside  edges  <->f  one 
pair  of  flange  angles  to  the  inside  edges  of  the  other  ])air  and 
having  not  less  than  two  \erlical  rows  of  rivets  on  each  side  of 
the  splice.  The  two  plates  are  generally  chosen  to  make  up  a 
combined  thickness  of  one  and  one-half  limes  to  twice  the  thick- 
ness of  the  web.  A  pair  of  stiffener  angles  arc  commonly  placed 
at  the  splice  to  gi\  e  elTecti\x  lateral  support. 
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.\lthough  the  splice  is  required  to  transmit  only  the  vertical 
shear  across  the  joint,  one  designed  in  strict  conformity  with  this 
re(|uirement  would  not  be  allowable  since  fewer  rivets  would  be 
employed  than  practical  considerations  of  rivet  spacing  will  per- 
mit. This  may  be  seen  from  a  discussion  of  the  splice  illustrated 
in  l''ig.  1.  which  occurs  at  12  feet  from  one  end  of  a  girder  40  feet 
centre  to  centre  of  bearings  carrying  a  total  static  uniform  load 
of  5000  pounds  per  lineal  foot.  The  total  shear  at  the  joint  is 
40.000  pds.  and  this  must  be  resisted  by  the  two  rows  of  rivets 
nil  either  side  of  the  splice.  The  assumption  is  generally  made 
that  this  shear  is  uniformly  distributed  among  the  rivets  sus- 
taining it.  which  is  probably  not  far  from  the  truth.  In  addition 
to  the  direct  effect  of  the  vertical  shear  there  is  a  turning 
moment  brought  to  bear  upon  the  rivets  on  either  side  of  the 
joint  ecpial  io  the  vertical  shear  multiplied  by  the  distance  l)e- 
iween  the  centres  of  gravity  of  the  two  groups  of  rivets  on 
opposite  sides  of  the  splice.  This  arises  from  the  necessarih- 
eccentric  a])plication  of  the  vertical  shearing  force.  The  effect 
is  not  large,  however,  since  the  splice  generally  constitutes  a 
deep  connection,  and  it  is  generally  neglected.  Using  ^-inch 
ri\ets  and  assuming  the  safe  shearing  and  bearing  stresses  for 
ri\ets  at  11.000  and  22,000  pds.  per  sq.  in.  respectively,  the  least 
\ahie  of  one  ^-inch  rivet  is  found  to  be  5160  pds.,  its  bearing- 
value  on  the  5/T6-inch  web  plate.  The  number  of  rivets  required 
on  one  side  of  the  splice  would  therefore  be  40,000  -^  5160  =  8. 
Since,  however,  the  vertical  rivet  spacing  should  properly  not 
exceed  16  ti.nes  the  thickness  of  the  splice  plates  or  5  inches, 
using  5/16-inch  s]dice  plates.  18  rivets  must  be  used  on  each 
side  of  the  splice  instead  of  8.  Thus  it  is  necessary,  prac- 
tically, to  make  the  splice  much  stronger  than  the  requirements 
of  stress-resistance  would  dictate,  in  this  case  almost  enough  tij 
])ro\'i(k'  ior  the  total  end  shear,  or  in  other  words,  enough  to 
develo])  tlie  full  capacity  of  the  web.  The  total  end  shear  being 
100.000  pds..  and  one  rivet  having  a  value  of  5160  pds..  only  lO 
rivets  would  be  required  for  this  service,  and  therefore  it  is 
apparent  that  the  splice  might  as  well  be  at  once  designed  to 
e(|nal  in  strength  the  net  section  of  the  web  plate. 

It'  ill  the  design  of  the  girder  the  reasonable  assumption  is 
made  thai  the  web  plate  develops  the  full  moment  of  resistance 
of  which  it  is  ca]:)al)le  by  virtue  of  its  net  area,  the  web  splices 
must  be  ])roportioned  to  transmit  bending,  as  well  as  shearing. 
stresses  across  the  point.  Assuming  that  the  bending  stress  in 
the  web  increases  uniformly  from  the  neutral  axis  to  the  most 
remote  tibre,  il  follows  that  tlif  stresses  on  rivets  in  a  web  splice 
due  to  l)ending  increase  uniformly  from  zero  at  the  neutral  axis 
to  a  maximum  at  the  rivet  most  remote  from  that  axis,  'i'hc 
resisting  moment  which  a  rivet  will  therefore  exert  agninsi  the 
bending  moment  will  \ary  directly  as  the  s(|uarc  of  its  distance 
from    the    neutral    axis,    since    the    resisting    moment    ecpials    thf 
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resisting  force  generated  by  the  rivet  multiplied  by  its  distance 
from  the  neutral  axis.  Hence  it  is  evident  that  the  rivets  farthest 
away  from  the  neutral  axis  are  more  effective  in  resisting  bending 
moment  than  those  nearer  it  and  that  those  lying  on  the  neutral 
axis  have  no  value  as  far  as  resisting  moment  is  concerned. 

For  this  reason  the  type  of  splice  shown  in  Fig.  1  generally 
proves  inadequate  where  bending  stresses  have  to  be  provided 
for,  unless  a  great  number  of  rivets  are  used  by  adopting  very 
close  vertical  spacing  or  widening  the  splice  plates  and  intro- 
ducing another  line  of  rivets  on  each  side  of  the  splice.  Such 
an  arrangement  is  highly  uneconomical,  for  a  large  proportion  of 
the  rivets — those  near  the  neutral  axis — have  very  little  value  in 
resisting  bending  stresses.  More  efficient  means  have  to  be 
devised,  therefore,  for  splicing"  webs  in  girders  of  the  kiml  under 
discussion. 

A  form  of  splice  frequently  used  in  such  cases  is  that  shown 
in  Fig.  2,  and  which  has  been  designed  for  the  girder  of  Fig.  1, 
the  section  of  which  is  rexised  in  conformity  with  the  assumption 
that  one-eighth  of  the  gross  area  of  the  web  may  be  considered 
as  flange  area.  Instead  of  carrying  the  two  vertical  splice  plates 
from  flange  to  flange,  two  horizontal  splice  plates  are  placed  on 
the  web  just  inside  the  inner  edges  of  each  pair  of  flange  angles 
and  the  vertical  plates  terminate  at  the  inside  edges  of  the  hori- 
zontal plates.  The  latter  are  generally  of  about  the  same  thick- 
ness as  the  former,  that  is  the  two  plates  on  opposite  sides  of  the 
web  together  make  up  a  thickness  of  one  and  one-half  times  to 
twice  the  web  thickness.  T^y  the  employment  of  a  splice  of  this 
type  it  is  possible  to  locate  a  large  percentage  of  the  rivets  used 
at  a  considerable  distance  from  the  neutral  axis  where  thcv  are 
highly  effective  in  resisting  bending  moment.  So  much  resist- 
ing moment  is  developed  by  the  rivets  in  these  horizontal  splice 
plates  that  some  designers  assume  that  it  is  all  generated  by 
them  and  that  the  vertical  shear  is  wholly  resisted  by  the  rivets 
in  the  vertical  splice  plates,  the  numbers  of  rivets  used  in  these 
plates  being  arrived  at  on  the  basis  of  the  foregoing  assump- 
tions. 

While  this  is  an  ideally  simple  arrangement  from  the  sland- 
[)oini  of  the  designer,  it  has  the  disadvantage  of  giving  rise  to 
secondary  stresses  of  considerable  magnitude  in  the  web.  The 
provision  of  a  stiff',  closely-riveted  splice  just  inside  each  pair 
of  flange  angles  has  the  effect  of  throwing  most  of  the  bending 
stress  into  the  horizontal  splice  plates  because  of  the  principle 
that  a  load  which  has  to  travel  over  several  paths  divides  itself 
up  among  these  paths  directly  as  their  rigidities.  This  concen- 
tration of  bending  stress  into  relatively  small  areas  of  the  web 
cross-section  produces  an  eff'ect  of  somewhat  the  same  kind  as 
that  which  would  be  produced  if  single  pins  were  used  at  the 
ends  of  the  horizontal  splice  plates  and  the  web  were  not 
reinforced  at  these  points.  Such  localizing  action  is  evidentlv 
not  to  be  commended. 
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That  the  concentration  of  large  numbers  of  rivets  at  certain 
points  in  the  web  splice  is  not  consistent  with  the  assumption 
of  uniformly-varying'  bending  stresses  on  the  web  section  may 
readily  be  shown.  Referring  to  Fig.  1,  the  resisting  moment  of 
any  element  of  the  web  of  height    8    and  thickness  b  is  equal  to 

— r  /',  where 
1' 

f^  =  the  str-v^s.s  in   pds.   per  sq.   in.   on   the  extreme  fibre  of  the 

element. 
y>  =  the  distance  from  the  neutral  axis  to  the  extreme  fibre  of 

that  element. 
/'  =  moment  of  inertia  of  the  cross  section  of  the  element  about 

the  neutral  axis  of  the  girder  =  /  -(-  Ay^. 
I  =  moment  of  inertia  of  cross-section  of  element  about  an  axis 

through  its  own  centre  of  gravity. 
A  =  sectional  area  of  element. 
y  =  distance  of  centre  of  gravity  of  element  from  neutral  axis 

of  girder. 
Since  the  moment  of  inertia  /  of  the  small  area  A  about  its 
own  gravity  axis  is  negligible  compared  with  the  term  Ay^,  we 
may  write  /'  =  -"^3'",  approximately.    Now  since  uniform  varia- 
tion of  stress  has  been  assumed 

2 

where  f  =  permissible  stress  at  the  extreme  fibre  of  tlie  web, 
which  is  assumed  to  be  at  the  centre  of  gravity  of 
the  flange. 

(/  =  effectixe  (lc])th  of  girder  which  is  assumed  to  be  ecpial  to 
the  (le])th  of  the  web. 

-  -^  /y 

The  resisting  monu'iU  of  the  element  therefore  ecpials — 

.\o\\  since  the  stress  on  rivets  due  to  bending  effect  increases 
directly  w  ith  the  distance  from  the  neutral  axis,  if  a  rivet  in  the 
gauge  line  of  the  llange  angles  have  a  safe  value  of  r.  then  the 
greatest  |)ernvssible  stress  on  a  rixet  one  inch  from  the  neutral 

v  . 

axis  would  be— ^,  assuming  that  the  gauge  line  is  at  the  same 

2 
distance  from   tlie  neutral  axis  as  the  centre  of  gravity  of    tlie 
flange.     A  rivit  at  a  distance  y  from  the  neutral  axis  woi;Id  then 

<2r  2  /-v* 

carrv  a  stress  of —   X  v.  and  its  resistimr  moment  would  be j— 

(/  ■  '  (i 

Tin-  nunihrr  "I  ri\c'ts  in  the  element  should  therefore  !)■' 

1>  A   f  y     ,    2_fy'  A  J 


104 


APPLIED  SCIENCE 


I'his  quantity  is  indei^endent  of  the  value  of  y.  and  therefore 
the  spacing  of  rivets  should  be  uniform  from  top  to  bottom  of 
girder  in  order  that  the  assumption  of  uniformly-varying  stress 
may  be  realized.  Though  the  concentration  of  rivets  as  far  as 
possible  from  the  neutral  axis  in  a  splice  of  the  type  shown  in 
Fig.  2  is  economical  in  the  matter  of  ri\eting,  this  saving  is 
effected  at  the  expense  of  preventing  the  web  at  the  splice  from 
acting  in  the  same  manner  as  elsewhere,  and  probably  overstress- 
ing  it  at  certain  points. 

This  type  nf  splice  has  at   the  same  lime   the  mino:-  defect 


2L^,C'^3i^z 


■^  of  splice 
ZpA,/s"^fe\ 


ip/^.^/a''^^" 


f'l  mil  presenting  a  \-erv  ])leasing  a|)pearaiiee  in  the  eye.  A  sug- 
gestion ol  "paleliiiig"  is  borne  to  one  wlio  is  imt  oblivions  of  all 
save  the  re(|uireinents  of  strength   and   dimension. 

.\  more  satisfactory  form  of  splice  is  that  shown  in  l"'ig.  3. 
Jn  this,  the  vertical  splice  plates,  which  are  of  similar  thicl<ncss 
to  those  used  in  the  types  described  aboxe.  run  from  flange  to 
flange  and  horizontal  splice  plates  are  put  on  either  side  of  the 
vertical  legs  of  the  flange  angles.  The  ri\ets  in  the  vertical 
splice  plates  arc  spaced  about  4  inches  apart  \erticallv  and  as 
nnifornd}-  as  possible,  the  shorter  spaces,  if  an\  .  being  placed  at 
the  ends,  ['sing  two  rows  of  ri\-ets  on  cacli  side  of  the  .'^ilice  in 
these  plates  is  generally  not  sufficient  to  develop  the  full  bend- 
ing value  of  the   web  plate,  and   instead  of  introducing  another 
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TOW,  the  horiz(jntal  splice  plates  are  employed.  If  the  full  value 
of  the  web  were  developed  by  the  rivets  in  the  vertical  splice 
plates,  the  splice  would  not  be  well  designed,  for  the  part  of  the 
web  lying'  between  the  two  vertical  legs  of  the  flange  angles 
should  be  spliced  as  well  as  the  part  covered  by  the  vertical  splice 
plates.  Obviously  the  horizontal  splice  plates  should  be  strong 
enough,  and  contain  enough  rivets,  to  develop  the  difference  of 
resisting  moment  of  the  net  section  of  the  web  and  of  the  splice 
AS  provided  by  the  vertical  splice  plates  and  the  rivets  in  them. 
It  might  be  urged  that  where  more  than  four  rivets  were  required 
in  the  horizontal  splice  plates  on  each  side  of  the  splice  (see  Fig. 
3)  to  develop  this  difference  of  resisting  moment,  it  is  equivalent 
to  concentrating  the  rivets  at  this  point.  In  answer  it  can  be  said 
that  the  part  of  the  sectional  area  of  the  horizontal  splice  plates 
and  of  the  rivets  in  them  which  is  not  utilized  for  splicing  the 
portion  of  the  web  between  the  vertical  legs  of  the  flange  angles 
may  be  regarded  as  affording  an  increment  in  flange  section  in 
the  region  of  the  splice.  Increasing  the  flange  section  at  the 
splice  makes  is  unnecessary  to  splice  the  web  up  to  its  full 
bending  value  and  whatever  resisting  moment  is  developed  by 
this  increment  of  flange  section  need  not  be  provided  by  the  web 
splice  proper. 

The  objection  is  sometimes  raised  against  the  form  of  splice 
under  discussion  that  the  horizontal  splice  plates  necessitate 
additional  fillers  under  the  stiffeners  which  come  at  the  splice 
■or  crimping  different  from  that  used  for  the  other  .stiff'ener  angles. 
These  disadvantages  are  never  serious  and  are  preferable  to  the 
use  of  an  arrangement  by  which  onl}-  the  part  of  the  web  between 
flanges  is  spliced  either  by  the  use  of  three  vertical  rows  of  rivets 
•or  two  rows  and  horizontal  splice  plates  on  the  web  with  the 
attendant  concentration  of  rivets  near  the  inner  edges  of  the 
flange  angles.  Even  if  additional  fillers  have  to  be  used  under 
the  stiff'ener  angles  at  a  s])lice  of  the  form  advocated,  its  superior 
econt)my  of  material  and  rivets  over  the  splices  of  the  two  other 
forms  mentioned  abo\e  will  nearly  counterbalance  the  increase 
•of  weight  necessitated  by  the  extra  fillers.  Very  often  the  crimp- 
ing of  the  stiffeners  at  the  web  splice,  if  they  be  crimped,  is,  or 
may  be  made  to  be.  the  same  as  for  the  other  stiffeners.  This  is 
])ossible  when  the  horizontal  splice  plates  can  be  made  of  the 
same  thickness  as  the  vertical  splice  plates,  which  is  frequently 
the  case. 

One  of  the  reasons  given  by  some  authorities  for  not  using 
this  type  of  splice  is  that  the  rivets  in  the  horizontal  splice  plates 
nn  the  vertical  legs  of  the  flange  angles  are  put  under  double 
duly.  Except  in  the  case  where  the  splice  occurs  at  a  point  of 
zero  shear,  a  certain  number  of  rivets  per  lineal  inch  are  rc<|uired 
in  the  flange  angles  in  the  region  of  the  splice  for  the  purpose 
of  transferring  the  increment  oif  flange  stress  from  the  wcl)  to  the 
flange  angles  and  plates,  and  therefore  the  rivets  in  the  horizontal 
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splice  plates  are  only  partially  available  for  the  purposes  of  the 
web  splice.  There  is  no  reason,  however,  why  the  rivet  spacing" 
in  these  plates  cannot  be  shortened  up,  so  as  to  accommodate 
such  a  number  of  rivets,  that  allowing  a  part  of  each  rivet  for 
purely  flange  riveting  purposes  the  requirements  in  this  respect 
would  be  fully  satisfied  while  at  the  same  time  the  remaining 
parts  of  rivets  would  fully  provide  for  the  web  splice. 

To  illustrate  the  method  of  designing  a  web  splice  of  the 
last  type  discussed,  the  splice  shown  in  Fig.  3  will  be  investigated 
in  detail.     This  joint  occurs  15  feet  from  one  end  of  a  girder  60 

k-  ^  of  ^p//'ce 

Zp/S.  /3>^ 


n^.  3 

feet  centre  to  centre  of  bearings,  carrying  a  total  static  uniform 
load  of  6000  pds.  per  lineal  foot.  It  was  figured  on  the  assump- 
tion that  one-eighth  of  the  gross  area  of  the  web  acted  as  flange 
area,  the  permissible  fibre  stress  in  bending  being  taken  at  16,000 
pds.  per  sq.  in.  net  section.  The  safe  shearing  stress  on  the  web 
was  taken  as  10,000  pds.  per  st|.  in.,  net  section,  the  rivets  being 
%-inch  in  diameter  and  the  assumed  safe  shearing"  and  bearing 
stresses  being  11.000  and  22,000  pds.  per  sq.  in.,  respectively. 

Since,  in  general,  it  is  not  possible  to  locate  a  web  splice 
where  there  is  an  excess  of  flange  area,  the  splice  will  be  designed 
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to  develop  the  full  bending  value  of  the  web.  In  the  present 
instance  it  would  be  permissible  to  splice  the  web  for  only  a  part 
of  its  bending"  value  if  the  outer  cover  plates  which  theoretically 
terminate  about  a  foot  to  the  right  of  the  joint  w^ere  carried  past 
that  point,  as  shown  dotted  in  the  figure.  By  this  device  no 
excess  material  is  utilized,  however,  but  the  flange  is  reinforced 
to  relieve  the  web  of  part  of  the  bending  stress.  The  same 
results  are  attainable  in  a  preferable  way,  by  reinforcing  the 
vertical  legs  of  the  flange  angles.  In  the  problem  under  discus- 
sion the  full  resisting  moment  of  the  web  is  equal  to  one-eighth 
its  gross  area  multiplied  by  the  permissible  fibre  stress  and  b}' 
the  effective  depth  of  the  girder  which  will  be  assumed  as  the 
depth  of  the  web.  This  gives  Ys  X  (72  X  H)  X  16,000  X  72 
3,880,000  in.-pds. 

The  vertical  shear  at  the  section,  which  is  readily  found  to 
be  90.000  pds.,  must  also  be  transferred  across  the  joint  simul- 
taneously with  the  bending  moment.  It  will  be  shown,  however, 
that  if  the  splice  is  capable  of  withstanding  the  bending  stresses 
it  can  resist  the  shear  at  the  same  time  without  revision  of  the 
design. 

The  most  ready  method  of  proportioning  the  splice  is  to 
assume  the  size  of  the  two  vertical  splice  plates  and  the  arrange- 
ment of  rivets  in  them,  and  then  having  calculated  the  resisting 
moment  of  these  rivets,  it  becomes  an  easy  matter  to  ascertain 
the  number  of  rivets  needed  in  the  horizontal  splice  plates  on 
the  flange  angles  to  develop  the  remainder  of  the  required  resist- 
ing moment.  In  the  case  at  hand,  the  two  vertical  splice  plates 
will  each  be  assumed  as  13"  X  }i"  ^"d  the  vertical  spacing  of 
the  rivets  will  be  chosen  as  4  inches  with  a  few  shorter  spaces 
at  the  ends.  The  net  section  of  the  plates  should  in  all  cases 
be  capable  of  developing  the  same  resisting  moment  as  the  rivets 
connecting  them  to  the  web,  but  this  will  be  realized  for  ordinary 
cases  if  the  two  plates  have  a  total  thickness  of  about  twice  the 
thickness  of  the  web  and  the  calculation  gcneraliy  need  not  be 
made. 

The  resisting  moment  of  the  rivets  in  the  vertical  splice 
plates  on  one  side  of  the  splice  may,  from  what  has  already  been 
r 

y  =^  least  value  of  one  rivet, 

I12  =  distance   apart   of   outside   gauge   lines   in    the   flange 
angles. 

y  =  distance  of  an}'  rivet  from  neutral  axis. 
The  least  value  of  one  J^-inch  rivet  will  be  its  bearing  on  the 
^-inch  web  plate,  or  %  X  ^  X  22,000  =  7.220  pds..  and  li^  =  68 
inches.     The    resisting    moment    which    these    rivets    can    safely 
develop  is  therefore 


7220 


X  4 


(2)=    ^  {6r-{10r    •    .  ...  -(28.0)') 


34 

=  212  -~  10426  =  2.210,300  in.-p.ls. 
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The  difference  between  this  and  the  total  resisting  moment 
of  the  web,  or  1,677,700  in.-pds.  must  be  made  up  by  the  rivets 
in  the  horizontal  splice  plates.  The  permissible  stress  on  a  rivet 
at  one  inch  from  the  neutral  axis  due  to  beding  being  212  pds., 
as  determined  above,  the  resisting  moment  developed  b}  a  rivet 
on  the  inner  and  outer  gauge  lines  of  the  flange  angles  will  be 
212  X  (31.5)-  and  212  X  34-,  respectively.  Assuming  that  i)i 
rivets  cve  required  on  the  inner  gauge  line  and  ii  on  the  outer  one, 
we  may  then  equate  the  resisting  moment  of  these  rivets  to  the 
balance  of  resisting  moment  left  undeveloped  by  the  rivets  in 
the  vertical  splice  plates,  or 

2  ;;/  X  212  X  (31.5)^  +  2  ;;  X  212  X  (34)^  =  1,677,700. 
Solving  by  trial  it  is  found  that  m  and  )i  in  whole  numbers  must 
each  be  equal  to  2,  these  rivets  being  momentarily  regarded  as 
wholly  available  for  the  w^eb  splice. 

The  effect  of  the  shear  at  the  splice  will  now  be  investigated. 
Due  to  bending,  the  rivets  in  the  outside  gauge  line  of  each  pair 
of  flange  angles  will  be  the  ones  most  severely  stressed.  At  the 
same  time  these  ri\ets  must  resist  their  share  of  the  vertical 
shear  of  90,000  pds.  which  is  assumed  as  uniformly  distributed 
over  all  the  rivets  in  the  two  vertical  gauge  lines  on  one  side 
of  the  splice,  in  this  case  36  rivets.  The  test  of  the  suflficiency 
of  the  splice  is  therefore  the  determination  wdiether  the  rivets 
most  remote  from  the  neutral  axis  are  capable  of  withstanding 
the  total  stress,  from  both  causes,  brought  to  bear  upon  them. 
Since  slightly  less  than  two  rivets  were  required  in  each  gauge 
line  of  the  horizontal  splice  plates  for  the  development  of  resist- 
ing moment,  if  two  are  provided  in  each  gauge  line,  the  stress 
on  the  oviter  rivets  need  not  be  as  much  as  the  full  value  of  the 
rivet,  but  the  same  proportion  of  it  as  the  required  resisting 
moment  of  the  splice  is  to  the  provided  resisting  moment.  The 
latter  is  made  up  of  the  resisting  moment  of  the  rivets  in  the 
vertical  splice  plates  which  equals  2,210,300  in.-pds.  and  the 
resisting  moment  of  the  four  rivets  in  the  horizontal  splice  i)latcs 
which  e(iuals  4  X  212  X  (31.5)-  +  4  X  212  X  (34)-  =  1,821.700 
in.-pds.  The  total  provided  resisting  moment  therefore  equals 
4,032,000  in.-pds.,  assuming  the  extreme  rivets  to  be  stressed 
up  to  their  full  capacity  due  to  bending  alone,  and  hence  the 
necessary  stress  on  these  rivets  to  develop  the  required  resisting 

'•     -VIA  ,/ 3.888.000         „.„      ,        r-       ^■    ■  -.1    ,1  • 

moment  is  /220  X  .  ..o.j  nno  ^  69oO  pds.     Coml)inmg  with  this 

horizontal  stress  the  \-ertical  stress  due  to  shear  which  is  90,0(X) 
-^  36  :=  2500  pds.,  we  have  a  resultant  stress  of]  (6950)"  +  (2o00)' 
=  7390  pds.  on  any  one  of  the  extreme  rivets,  or  an  excess  of 
2.4  per  cent,  over  the  permissible  stress  on  a  rivet  according  to 
the  assumed  rivet  specification.  This  increase  in  stress  is 
scarcely  large  enough  to  make  the  addition  of  another  rivet 
necessary,   and   the   case   chosen   is   fairly   representative   of  the 
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most  of  web  splices.  It  can  generally  be  said,  therefore,  that  if 
the  splice  is  designed  to  provide  for  bending  it  will  resist  the 
corresponding  shear  without  modification.  The  only  case  where 
revision  might  be  necessary  would  be  where  the  splice  comes 
near  the  end  of  the  girder,  where  it  may  have  to  be  designed  for 
maximum  shear  with  the  corresponding  moment. 

Whether  the  horizontal  splice  plates  on  the  vertical  legs  of 
the  flange  angles  are  regarded  as  web  splice-plates  or  as  re- 
inforcements of  the  flange,  they  must  have  sufficient  net  area  to 
develop  the  same  resisting  moment  as  the  rivets  in  them,  it  being 
assumed  for  the  present  that  all  these  rivets  are  wholly  available 
for  the  purposes  of  the  splice.  This  resisting  moment  has  been 
found  to  'be  1,821.700  in.-pds..  and  the  net  area  of  the  two  plates 
multiplied  by  the  permissible  fibre  stress  in  them  and  by  the 
distance  between  a  line  midway  between  the  two  gauge  lines  in 
one  flange  to  the  corresponding  line  in  the  other  flange  should 
be  ecjual  or  greater  than  this  resisting  moment.  The  permissible 
fi'bre  stress  in  these  plates  will  be  the  permissible  stress  at  their 

centres  or  16000  X      ^^      ^=  14.:'."^0  pds.  ])er  scj.  in.,  and  the  net 
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area  of  two  plates  will  be  1.821.700  ^  14.550  X  65.5  =  1.91  sq. 
ins.  Two  5"  X  H"  plates  will  be  used  giving  a  net  area  of  3.00 
s(|.  ins. 

The  length  of  these  plates  must  be  chosen  so  that  the  rivets 
in  them  on  the  side  of  the  splice  nearest  the  support  will  be 
enough  to  satisfy  the  rec|uirements  of  the  web  splice  and  at  the 
same  time  transfer  to  the  flanges  the  increment  of  flange  stress 
which  is  developed  between  the  last  ri\-et  in  the  plates  and  the 
centre  of  the  joint.  The  result  is  best  arrived  at  by  trial. 
Assume  four  extra  rivets  in  the  end  of  these  plates,  the  last  rivet 
coming  20  inches  from  the  centre  of  the  splice.  At  the  splice  the 
spacing  for  purely  flange  pur])oses  must  be  5.52  ins.  in  the  top 
flange  and  the  same  will  be  adopted  for  the  bottom.  TTcnce  in 
20  inches.  20  -^  5.52  =  3.6  rivets  are  needed  to  transfer  the 
increment  of  flange  stress  from  the  web  to  the  flanges.  The 
fdur  extra  rivets  will  be  fn<iugh  for  this  purpose  and  the  four 
alreadx-  proxided  are  rc(|uire<l  for  the  web  splice.  The  slight 
excess  of  0.4  of  a  rivet  will  be  required,  since  the  rivet  spacing 
for  flange  purposes  near  the  end  of  the  horizontal  splice  plates 
should  be  less  than  S.S2  inches. 

On  the  other  side  of  the  splice  only  encnigh  rivets  are 
re(|uired  to  develop  the  net  strength  of  the  plates,  the  least  value 
of  the  rivets  being  their  douhlc  shearing  value.  This  is  the  case 
since  the  most  direct  rouie  for  the  stress  in  these  plates  to  follow 
is  from  the  plates  directly  into  the  flange  angles  and  not  into 
the  web  and  then  back  into  the  flange  angles.  The  net  area  of 
ihc  two  plates  being  3.0  sc|.  ins.,  and  the  value  of  a  "s-incli  rivet 
in  double  shear  being  13,220  pds..  3.6  rivets  are  required.       Four 


110  APPLIED  SCIENXE 

rivets  will  be  used.  The  increment  of  flange  stress  required  to 
be  transferred  from  the  web  to  the  flanges  in  the  distance  from 
the  centre  of  the  splice  to  the  end  rivet  in  these  plates  will  not 
increase  the  number  of  rivets,  since  in  considering  the  two  effects 
simultaneously  the  least  value  of  a  rivet  becomes  very  large — 
its  bearing  value  on  the  two  flange  angles  which  are  together 
1^  inches  thick. 


INSULATION  TESTING. 

E.  .M.  WOOD.  B.A.Sc. 

Tests  on  insulation  are  usually  made  for  one  of  two  purposes 
• — to  determine  the  insulating  value  of  various  sorts  of  materials, 
or  to  find  out  if  the  insulation  of  some  particular  piece  of  elec- 
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trical  apparatus  is  sufficient  to  justify  its  being  put  into  use.  or 
continued  in  use.  Tests  for  the  first  ])urpose  are  almost  exclu- 
sively confined  to  samples  of  insulation,  and  are  made  in  the  re- 
search or  testing  laboratories  of  manufacturing  concerns.  Tests 
of  the  second  sort  should  be  maue  on  every  piece  of  electrical 
apparatus  before  it  leaves  the  factory,  and  may,  with  advantage, 
be  made  from  time  to  time  on  the  ap])aratus  as  it  continues  in 
use.     It  is  with  tests  of  this  latter  sort  thai  this  article  will  deal. 

There  are  two  classes  of  insulation  used  in  electrical  ajii^ar- 
atus;  first,  the  "minor"  insulation,  separating  the  turns  aiul  las- 
ers of  the  winding  from  each  other,  and.  secondl}-,  the  "major" 
insulation,  which  separates  the  winding  as  a  whole  from  other 
windings  and  from  the  sup])orting  frame  or  case. 

The  insulation  between  turns  may  he  tested  by  generating  in 
the  windings  a  voltage  greater  than  their  norma]  working  volt- 
age. This  may  be  done  in  the  transformer  by  applying  twice 
normal  voltage  for  one  minute,  or  three  times  normal  voltage 
for  fifteen  seconds  to  some  section  of  the  windings,  thus  inducing 
the  same  ])roportion  of  voltage  in  other  windings  on  the  same 
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core.     The  applied  voltage  should  be  at  as  high  frequency  as 
possible  to  keep  down  "exciting"  current. 

For  a  generator,  the  over-voltage  may  be  obtained  by  driving 
it  above  normal  speed,  on  open  circuit,  with  all  the  excitation 
possible.  One  and  a  half  times  normal  voltage  will  be  about  the 
maximum  obtainable  by  this  method. 

There  are  various  methods  of  testing  the  wound  armatures  of 
generators  and  motors  for  short  circuits  between  turns.  One 
typical  method  is  indicated  in  Figure  I : 

The  portable  laminated  yoke  shown  is  excited  by  current  at 
no  volts,  A.  C.  The  magnetic  circuit  is  closed  through  the  iron 
of  the  armature  to  be  tested,  so  that  the  alternating  flux  sur- 
rounds one  or  more  slots  with  their  conductors.  This  sets  up  an 
E.M.F.  in  the  conductors,  and  if  there  is  a  short  circuit  in  the 
coil,  heavy  local  currents  in  that  coil  are  set  up.  The  presence  of 
these  currents  can  be  detected  by  the  flux  set  up  around  the 
other  leg  of  the  coil  in  another  slot,  use  being  made  of  a  piece  of 
soft  iron  to  detect  the  presence  of  this  flux.  In  the  case  of  a 
closed  winding  there  will  be  current  and  flux  anyway,  but  the 
presence  of  the  flux  is  much  more  noticeable  if  there  is  a  short 
circuited  coil. 

The  most  important  insulation  test  is  the  test  for  the 
strength  of  the  "major"  insulation.  This  is  practically  always 
applied  from  a  testing  transformer.  The  voltage  to  be  applied 
depends  on  the  rated  voltage  of  the  piece  of  apparatus  and  the 
use  to  which  it  is  to  be  put.  The  following  table  is  taken  from 
the  Standardization  Rules  of  the  A.  I.  E.  E.,  sections  220-226: 
Rated  terminal  voltage  Testing 

of  circuit.  Rated  output  voltage. 

\Jp  to  400  volts Under  10  KJV 1,000 

10  KJV.  and  over 1.500 

0\er  400  and  less  than  800... Under   10  K.JJ' 1,500 

'■  ■■  "  ...  10  KJV.  and  over 2,000 

Over  800  and  less  than  1.200.  .  .Any .^oOO 

Over  1,200  and  less  than  2.500.  .     "     3-500 

2,500  and  over "     Twice  rated  voltage 

There  are  certain  special  exceptions  noted.  Transformers 
with  primary  i)ressures,  550-5,000  volts,  whose  secondaries  are  to 
be  directly  connected  to  consumption  circuits  should  have  a  test- 
ing \oltage  of  10,000,  to  be  applied  between  primary  and  second- 
ary windings  and  between  primary  winding  and  core. 

Field  windings  of  synchronous  machinery  to  be  started  by 
A.  C,  with  fields  not  excited,  should  l)c  tested  at  5,000  volts. 

The  above  voltages  should  be  applied  to  the  machine  at  the 
temperature  attained  in  continuous  operation.  However,  the 
above  voltages  should  be  applied  to  new  machines  only,  or  to 
machines  newly  insulated,  [""or  old  insulation  the  tost  voltage 
should  be  lower,  say  from  50%  to  y^%  than  given  in  the  table, 
depending  on  the  condition  of  the  machine. 

Practically  all  electrical  apparatus  exhibit.s  under  high  poten- 
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tial  test  more  or  less  electrostatic  capacity.  The  windings  and 
the  iron  act  as  the  two  plates  of  a  condenser,  with  the  insulation 
as  the  dielectric.  This  capacity  requires  charging  current  of  the 
value,  I  ^  C  TV  E  where  E  is  the  test  voltage,  C  the  capacity  in 
farads,  and  zv  the  frequency  in  radians  per  second.  The  capacity 
of  the  testing  transformer  should  be  such  that  it  can  supply  to 
the  test,  the  above  current  without  instability  of  voltage  ratio 
and  without  undue  heating  of  its  windings.  Mr.  C.  E.  Skinner,  in 
an  article  on  "Testing  of  Insulation,"  in  the  Electric  Journal. 
Vol.  II.,  page  538.  gives  the  following  table  of  suitable  cai)acities 
for  various  kilovolt  ratings: 

E.  M.  F.  Kilovolts     2         6       10       30       50     100     250. 

Rating   K.    W.  i          3         5       30       50     100     250. 

Since  the  tendency  of  an  alternating  voltage  to  break  down 

insulation  depends  on  its  maximum    instantaneous    value,    and 

since  all  A.C.  voltage  measuring  devices  indicate  the  scjuare  root 

of  the  mean  of  the  squares  of  the  instantaneous  values,  it  is  evi- 
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dent  that  for  the  same  voltmeter  indication  ./.('.  waves  of  dif- 
ferent shapes  have  different  power  to  puncture  insulation. 
Therefore  tests,  to  be  consistent,  should  be  made  with  A.C. 
waves  of  standard  form,  namely  sine  wave  form.  The  testing" 
api)aratus  slmuld  be  of  such  a  nature  as  to  produce,  under  con- 
ditions of  test,  a  voltage  wave  form  as  nearly  sinusoidal  as  pos- 
sible. All  tables  of  testing  voltages,  and  all  guarantees  of  insula- 
tion strength  assume  that  the  tests  shall  l)e  made  with  A.C. 
waves  of  such  form. 

The  severit}^  of  the  test  for  a  given  voltage  depends  to  a  cer- 
tain extent  on  the  frequency,  it  being  generally  true  that  the 
higher  frequencies  give  the  more  severe  tests.  Tests  should  then 
be  made  at  some  standard  frequency,  say  60  cycles,  or  better,  at 
the  tre(|ucncy  of  the  circuit  on  wliicli  the  apparatus  is  to  be 
used. 

The  test  method  of  application  of  the  testing  voltage  de]>ends. 
on  conditions.  I'ive  of  the  more  nsrful  metliods  will  l>e  out- 
lined. 
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1.  By  direct  application  from  a  constant  potential  circuit. 
This  method  may  be  used  in  all  cases  up  to,  say  2000  volts,  and 
in  case  of  switches,  insulators,  etc.,  which  have  little  electro- 
static capacity,  for  any  voltages. 

2.  Voltage  from  constant  potential  circuit  with  testing  trans- 
former. Control  of  voltage  is  obtained  by  means  of  a  resistance 
or  reactance  in  the  primary  circuit  as  shown  in  Figure  2. 

A  water  rheostat,  or  a  variable  reactance,  for  example  a 
"theatre  dinimer,"  makes  a  suitable  form  of  control.  The  re- 
actance has  the  advantage  of  consuming  less  power,  and  ,o|f 
gi^'ing  steadier  control,  as  the  water  resistance  is  liable  to  fluc- 
tuate, due  to  the  formation  of  gas  on  the  plates.  The  method 
is  useful  for  voltages  up  to  25,000.  It  has  the  disadvantage  that 
the  controlling-  resistance  or  reactance  necessarily  distorts  the 
wave  form  of  voltage.  This  is  not  of  vital  importance  in  tests 
up  to  25,000  volts,  but  eliminates  the  usefulness  of  the  method 
for  higher  voltages. 

3.  X^oltage  from  generator  with  testing  transformer,  control 
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is  obtained  by  variation  of  generator  Held.     Connections  are  as 
shown  in  h^igure  3. 

The  method  is  a\ailable  for  any  \oltage  and  any  capacity. 
It  has  the  disadvantage  that  it  recjuires  a  special  generator  as 
]jart  of  the  testing  set.  The  method  gives  best  results  when 
the  generator  is  worked  at  approximately  normal  voltage,  prac- 
tical limits  of  allowable  variation  being  from  50%  to  I25^r 
normal  voltage.  If  these  limits  are  exceeded  the  wave  form  is 
liable  to  be  distorted  by  the  load,  and  especially  at  low  excita- 
tions the  voltage  will  lie  unsteady  if  the  transformer  is  loaded 
with  "leading"  current,  as  is  the  case  in  tests  on  high  tension 
power  transformers,  cables  and  all  apparatus  with  high  elec- 
tiostatic  capacity  between  windings  and  frame.  This  method 
or  the  previous  one  is  highly  satisfactory  for  all  high  potential 
tests  on  other  classes  of  electrical  machineiy.  For  testing  aj)- 
paratus  like  high  voltage  transformers  and  cables,  one  of  the 
following  methods  is  preferable. 
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4.  From  a  constant  potential  circuit  with  a  testing  trans- 
former, with  voltage  control  by  auxiliary  transformers  whose 
sections  are  cut  in  or  out  by  dial  switches.  \^arious  forms  are 
in  use,  one  of  the  best  of  which  is  shown  diagrammatically  in 
Figure  4. 

This  uses  two  regulating  transformers  besides  the  testing 
transformer.  The  voltage  variation  is  in  steps  of  one-quarter  of 
one  per  cent,  from  zero  voltage  to  full  rated  voltage,  each  of  the 
regulating  transformers  being  in  20  sections.  The  variation  from 
step  to  step  is  made  without  opening  the  primary  circuit,  a  very 
important  advantage,  especially  in  tests  at  high  voltages.  In 
case  of  break  down  the  circuit  breaker  C.B.,  opens  and  allows 
the  current  to  pass  through  the  choke  coil,  permitting  the  fault  to 
be  burned  out  if  desirable. 

The  voltage  supply  is  usually  from  some  generator  which 
gives  a  proper  wave  form.  This  generator  may  supply  power 
for  more  than  one  testing  set  if  required.     It  may  be  conveni- 
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ent  to  make  the  testing  set  portable,  and  to  bring  out  terminals 
from  the  supply  generator  at  proper  places  throughout  the  fac- 
tory, so  that  the  set  can  be  rapidly  connected  to  any  set  of  term- 
inals. 

The  above  method  is  a  perfectly  satisfactory  one  for  all  con- 
ditions of  high  voltage  testing. 

5.  Voltage  from  constant  potential  circuit  with  transformer, 
controlled  by  means  of  a  single  phase  induction  potential  regu- 
lator in  its  primary  circuit,  as  shown  in  Figure  5. 

The  regulator  must  be  of  special  design,  with  the  same  volt- 
age in  secondary  as  in  jirimary,  or  in  other  words,  with  a  "buck" 
or  "boost"  of  100%  of  the  line  voltage.  Then  when  working  on 
500  volt  circuit,  with  ])rimary  in  maximum  Knvering  position, 
the  voltage  at  the  transformer  ])rimary  terminals  will  be 
500 — 300^0  volts.  The  \oltagc  can  be  raised  gradually,  by 
turning  the  hand  wheel,  until  the  primary  is  in  maximum 
"boost"  position  when  the  voltage  at  the  primary  of  the  testing 
transformer  is  500-1-500=1000  volts.  The  worm-gear  and 
wheel  should  be  cut  with  a  compound  thread  S(t  as  to  give  a  very 
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gradual  variation  of  voltage.  The  regulator  should  work 
"snugly,"  so  that  there  is  no  "play"  in  the  movable  parts,  but 
should  not  be  so  tight  that  it  cannot  be  turned  steadily  by 
hand. 

This  method  is  cjuite  satisfactory  for  all  kinds  of  insulation 
testing.  It  has  one  advantage  in  that  the  experienced  operator 
can  judge  l)y  the  way  in  which  the  "wheel"  turns,  approxim- 
ately what  is  happening  in  the  apparatus  under  test. 

It  is,  of  course,  of  great  importance  to  be  able  to  measure 
with  some  degree  of  accuracy,  the  voltage  applied  in  the  test. 
There  are  at  present  no  entirely  satisfactory  methods,  though 
there  are  several  in  use. 

1.  By  ratio  of  transformation,  with  voltmeter  on  low  tension 
side  of  testing  transformer.  This  method  neglects  "regulation" 
and  is  only  useful  where  accuracy  is  not  important,  that  is  in 
tests  up  to  10,000  volts. 

2.  By  special  "voltmeter  coil"  of  known  number  of  turns  on 
the  core  of  the  testiu"-  transformer.     This  is  more  accurate  than 
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the  first,  for  it  eliminates  that  part  of  the  regulation  due  to  the 
]u-imary. 

3.  By  special  "voltmeter  coil,  this  being  part  of  the  high  ten- 
sion winding.  This  is  theoretically  an  improvement  on  2,  but 
it  must  be  taken  ofif  next  to  grounded  terminal  of  the  winding, 
and  unless  this  is  the  middle  of  the  win(,ling  these  turns  are 
liable  to  be  not  representative  of  the  rest  of  the  winding,  on  ac- 
count of  leakage  fluxes,  etc. 

4.  By  voltmeter  in  the  high  tension  circuit.  This  is  the  ideal 
method,  but  unfortunately  it  has  serious  practical  limitations. 
The  use  of  series  resistance  of  potential  transformer,  with  a 
voltmeter  for  20.000  volts  or  over,  would  be  too  exjiensive  and 
consume  too  much  power  for  commercial  use  for  measurement 
of  test  voltages.  The  static  voltmeter,  if  there  is  a  reliable 
one  on  the  market,  would  1-e  the  best  method  available  for  the 
measurement  of  high  voltages. 

5.  By  s])ark  gap  in  the  high  tension  circuit.  This  method 
is  the  one  most  frequently  used.  It  is  not  absolutely  reliable, 
but  with  care  yields  fair  results.  The  Standardization  Rules  of 
the  A.I.E.E.    state  with  regard  to  the  use  of  the  spark  gap  (Sec- 
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tion  245)  :  "The  spark  points  should  consist  of  new  sewing 
needles  supported  axically  at  the  ends  of  lineas  conductors, 
which  are  each  at  least  twice  the  length  of  the  gap.  There 
should  be  no  extraneous  body  near  the  gap  within  a  radius  of 
twice  its  length." 

To  prevent  a  large  rush  of  current  and  consequently  high 
voltage  surges  \\'hen  the  gap  breaks,  there  should  be  inserted 
in  series  with  each  of  its  terminals,  a  resistance  of  one-half  ohm 
per  volt.  These  resistances  may  be  carbon  resistance  rods, 
similar  to  those  used  in  lightning  arresters.  These  resistances 
usually  decrease  the  gap  setting  for  a  given  voltage  by  an 
amount     which    should    be    determined    experimentallv    (about 

5%). 

Moderately  low  voltage  tests,  say  up  to  30.000  volts,  recpiire 
no  particular  care  in  application,  except  that  they  should  be  iso- 
lated so  that  no  one  will  get  hurt,  and  that  the  application  of 
voltage  should  be  fairly  smooth.  Voltages  over  10.000  should 
be  checked  by  spark  gap  in  high  tension  circuit. 

Voltages,  30,000  to  80,000.  require  more  tare  in  applying  the 
voltage  smoothly  and  removing  it  smoothly,  that  is,  without 
sudden  vibrations.  The  spark  gap  should  be  set  for  the  re- 
quired testing  voltage,  with  the  apjiaratus  to  be  tested  connected 
in  as  shoAvn  in  Figure  5,  and  the  voltage  raised  until  the  gap 
arcs  over.  Just  before  the  break,  a  voltmeter  reading  should  be 
taken.  As  soon  as  the  gap  breaks,  the  voltage  should  be  low- 
ered to  zero  and  the  gap  opened  say  10  %  beyond  the  setting 
for  the  required  voltage.  Then  voltage  should  be  ap- 
plied again  with  the  same  voltmeter  reading,  and  held 
one  minute,  then  low-ercd  to  zero.  A  break  is  indicated  l)y  the 
drop  of  the  voltmeter  needle  to  zero,  and  by  the  action  of  the 
apparatus,  as  burning  usually  follows  a  break-down. 

At  voltages  higher  than  80,000,  with  api>aratus  of  higli  elec- 
trostatic capacity,  it  is  dangerous  to  break  the  gap  at  full  test 
voltage,  for  the  arcing  gap  sets  up  voltage  surges  of  the  worst 
sort.  The  diflficulty  may  be  obviated  as  follows :  The  gap  may 
be  set  at  two-thirds  the  required  voltage,  and  broken,  with  the 
transformer  in  circuit,  the  primary  voltage  being  read  just  before 
the  break.  The  voltage  should  be  reduced  to  zero,  and  the  gap 
opened  to  10%  above  the  distance  for  required  testing  voltage. 
The  voltage  should  be  then  applied  till  the  voltmeter  reading 
is  three-halves  its  former  value,  held  for  one  minute  and  low- 
ered gradually  to  zero.  This  method  is  sometimes  satisfactory 
and  sometimes  not  satisfactory.  Variations  are  suggested  by 
experience  to  fit  the  various  conditions  that  arise  with  the  dif- 
ferent sorts  of  apparatus  that  are  to  be  tested. 

There  is  another  insulation  test,  the  measurement  of  "Insula- 
tion Resistance."  This  may  be  done  roughly  by  a  well-known 
high  resistance  voltmeter  method,  or  by  direct  reading  megohm- 
meter.  It  is  chiefly  of  value  in  determining  the  state  of  the  in- 
si-lation  with  regard  to  moisture,  since  the  greater  the  degree  of 
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moisture,  the  lower  the  insulation  resistance.  Any  piece  of  ap- 
paratus that  shows  low  insulation  resistance  (below  one  meg- 
ohm)  should  be  carefully  dried  out  before  an  aj^plication  of  high 
potential  is  made. 

This  article  will  conclude  with  a  few  general  practical  sug- 
gestions on  making  the  insulation  tests. 

1.  Since  the  voltages  used  in  insulation  testing  are  all  dan- 
gerous to  life,  too  great  care  cannot  be  taken  to  prevent  any 
person  coming  in  contact  with  the  live  circuits. 

2.  When  a  machine  has  more  than  one  winding,  all  windings 
except  the  one  under  test  should  be  carefully  connected  to  the 
frame,  which  should  preferably  be  grounded.  This  is  to  prevent 
undue  electrostatic  stresses  being  induced,  tending  to  break 
down  the  insulation  from  these  windings  to  ground. 

3  If  there  is  more  than  one  accessible  point  in  any  winding 
to  be  tested,  all  accessible  parts  should  be  carefully  connected 
together  electrically.  This  is  to  insure  uniform  application  of 
voltage  to  all  parts  of  the  winding,  and  is  a  very  important  point. 
It  often  makes  the  difference  for  a  piece  of  apparatus  between 
standing  the  test,  and  failing. 

4.  Application  of  voltage  should  be  gradual,  without  sudden 
variations  but  not  too  slow,  as  the  severity  of  the  test  depends 
on  its  duration.  For  a  test  of  160.000  volts  to  a  large  transform- 
er, it  would  be  a  good  rule  to  take  one  minute  to  raise  the  volt- 
age from  o  to  160,000  volts,  hold  at  that  value  for  one  minute, 
and  take  one  minute  to  lower  the  voltage  to  zero.  Xo  apparent 
im])ending  breakdown  should  induce  the  operator  to  make  a  sud- 
den reduction  in  testing  voltage,  for  if  he  does,  the  l)reak  will 
become  a  certainty. 

5.  Any  means  possible  of  reducing  the  static  discharge  in  a 
high  tension  test,  is  of  advantage  for  the  static  discharges  are 
liable  to  set  up  surges  which  may  cause  break  down  of  insula- 
tion. 

6.  All  connections  should  be  made  tightly  and  with  good 
contact. 
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SOME  RECENT  ADVANCES  IN  ELECTRO-CHEMISTRY 
AND  ELECTRO-METALLURGY. 

SAUL    DUSHMAN 

The  a[)plication  of  electrical  enerij;y  to  the  performing  of  a 
large  numlDer  of  reactions  previously  carried  out  by  purely 
chemical  methods,  has  at  the  present  time  attained  to  a  position 
of  great  commercial  importance.  This  has  been  due  largely  to 
the  rapid  developments  that  have  taken  place  in  methods  of 
power  production.  So  long  as  the  cost  of  electric  power  was 
high,  the  idea  of  supj^lanting  ordinar}'  chemical  or  metallurgical 
processes  by  the  more  simple  electro-chemical  ones  could  not 
be  entertained,  and  electro-chemistry  remained  practically  a  lab- 
oratory science.  But  it  was  during  this  period  that  the  founda- 
tions were  laid  for  many  of  the  most  important  electro-chemical 
industries  of  the  present  time,  and,  as  a  result,  the  advent  of 
cheaper  electric  power  found  the  electro-chemist  prepared  to 
utilize  the  advantage  which  was  thus  held  out,  and  during  the 
last  decade  the  progress  in  electro-chemistry  has  been  so  enor- 
mous that  in  very  many  cases  the  electric  power  plant  has  been 
installed  on  account  of  the  electro-chemical  consumers. 

Some  of  the  electro-chemical  industries,  such  as  the  carbide, 
carborundum,  aluminium,  copper-refining  and  caustic  soda  pro- 
cesses, have  long  since  passed  beyond  the  experimental  stage, 
and  their  products  have  become  vital  necessities  in  the  indus- 
trial world.  Other  j^irocesses,  however,  ha\e  obtained  a  great 
deal  of  prominence  in  the  last  few  years,  which  cannot  be  said 
to  be  as  yet  in  a  state  of  assured  stability,  and  these,  since  they 
are  probably  not  so  familiar  to  many  of  our  readers,  form  the 
subject  of  the  present  article. 

It  is  a  long  step  from  the  time  of  Cavendish  to  the  present, 
but  the  relatively  unim]>ortant  fact  discovered  about  the  vear 
1776,  that  an  electric  si:)ark  passed  through  a  moist  mixture  of 
oxygen  and  nitrogen  wall  produce  nitric  acid,  is  the  basis  (^f  a 
large  number  of  projects,  that  have  recently  become  technically 
important,  for  the  fixation  of  atmospheric  nitrogen.  As  is  well 
known,  our  wheat  crops  require  for  their  successful  growth,  a 
certain  amount  of  fertilizer  to  be  supplied  to  the  .soil.  Xitre,  or 
Chili  saltpeter  has  been  the  substance  chiefly  used  for  this  pur- 
pose in  the  i^ast ;  but  the  beds  of  nitre  in  Chili  are  gradually 
becoming  exhausted,  and  even  if  the  supply  be  available  for  a 
luuch  longer  period  than  Crooks  averred  in  1892.  the  world  has 
come  to  realize  that  some  other  source  of  fertilizers  must  be 
sought  for,  if  its  food  supply  is  to  remain  assured.  The  essential 
requirement  of  a  fertilizer  is  that  it  shall  contain  nitrogen,  in  a 
form  which  can  readily  be  absorbed  by  plants  ;  this  condition  is 
fulfilled  very  well  by  nitrates.  Now  all  around  us,  constituting 
the  very  atmosphere  we  breathe  are  present  the  essential  com- 
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ponents  of  nitric  acid,  and  it  is  therefore  not  surprising  that  the 
old  experiment  of  Cavendish  has  again  been  brought  to  light  and 
the  question  has  arisen,  how  the  fixation  of  atmospheric  nitro- 
gen may  be  performed  on  a  commercial  scale? 

Lack  of  space  will  not  permit  us  to  review  the  preliminary 
work  of  different  exjjerimenters  in  Germany  and  England  who, 
during  the  years  1897  to  1904,  sought  to  solve  the  problem. 
Their  experiments,  although  they  did  not  result  successfully 
from  a  commercial  ])oint  of  view,  led  to  the  conclusion  that  the 
main  reaction  in  the  electric  arc  is  the  formation  of  nitric  oxide 
according  to  the  ec)uation. 

No  +  O2  ^  2NO. 
the  amount  of  X( )  increasing  with  the  temperature  and  depend- 
ing at  constant  temperature  on  the  concentrations  of  the  com- 
ponents, according  to  the  ^lass  Law.  It  was  also  shown  by 
Nernst*  that  the  proportion  of  air  converted  into  nitric  oxide  is 
always  very  small,  and  even  at  2600°  C,  it  amounts  to  only  two 
per  cent,  by  volume. 

These  investigations  thus  prepared  the  way  for  the  first 
commercial  process,  that  devised  by  Birkeland  and  Eyde  in  1904. 
They  use  a  5,000  volt  alternating  current  arc  between  water- 
cooled  copper  electrodes,  and  by  means  of  a  magnetic  field  at 
right  angles  to  the  latter,  the  arc  is  spread  out  into  a  disc  over  2 
metres  in  diameter,  thus  causing  almost  the  whole  volume  of  air 
in  the  furnace  to  be  raised  instantaneously  to  a  very  high  tem- 
perature. Owing  to  the  circulation  of  air  through-  the  furnace, 
the  nitric  oxide  formed  there  is  cooled  before  it  has  a  chance  to 
dissociate,  and  combines,  at  600°  C,  with  oxygen  to  form  the 
higher  oxide,  NOo.  This  is  passed  through  a  series  of  towers 
washed  with  water  and  gives  a  50  per  cent,  nitric  acid,  which  is 
then  saturated  with  lime  and  converted  into  a  basic  nitrate  useful 
as  a  fertilizer.  The  furnaces  used  liy  Tiirkeland  and  Eyde  are 
each  of  500  kilo-watt  capacity,  and  while  in  their  original  plant  at 
Notodden,  Norway,  only  1,500  kilo-watts  were  used,  this  has 
since  been  increased  to  40,000  KW.  The  yield  is  70-83  grams 
pure  nitric  acid  per  kilo-watt  hour,  which  corresponds  to  500-600 
kilograms  per  Kli'  year,  and  the  inventors  claim  that  this  figure 
can  be  considerably  increased.**  It  may,  however,  be  stated  in 
this  connection  that  the  main  reason  for  the  success  of  this  pro- 
cess is  the  fact  that  power  in  Norway  can  be  obtained  at  the 
extremely  low  price  of  approximately  $5.00  per  HP  year,  a  figure 
which  is  prol)al)lv  much  lower  than  that  cpioted  in  other  coun- 
tries. 

Simultaneously  with  the  I'irkeland-Eyde  process  there  has 
been  develo])cd  another  one  by  the  Madische  Anilin  and  Soda 
Fabrik.  "They  employ  an  arc  in  a  long  tube  through  which  air 
is  passed  in  a  wliirliiiL;  motion.       Since  1007  they  have  operated 

'Nerust,  Zeit.  f-  Elektrochein.   12,  527- 
"Erlwein.  Elektrotecli  Zeit.  Jan.,  loor- 
Edstrom,  Trans.  Am.  Electrochem,  Soc,  iyo4. 
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an  experimental  plant  of  2,000  HP,  and  are  now  ])lann'ni^"  the 
erection  of  a  large  120,000  HP  plant."* 

The  problem  of  the  fixation  of  atmos])heric  nitrogen  has 
also  been  solved  in  a  totally  different  manner.  A  few  vears  ago 
the  search  for  a  commercial  method  of  prodncing  cyanide  of 
potassium  led  Drs.  Frank  and  Caro  to  the  discovery  that  when 
nitrogen  is  passed  over  calcium  carbide  at  a  high  temperature, 
such  as  that  of  the  electric  furnace,  there  is  produced  a  com- 
pound having  the  formula  Ca  CNo  and  known  as  cvanamide. 
This  substance  is  capable  of  yielding  a  large  numl)er  of  interest- 
ing derivations  by  treatment  with  suitable  reagents  ;  **  thus  bv 
melting  with  certain  fluxes  it  yields  potassium  and  sodium  cyan- 
ides; by  the  action  of  steam  it  gives  oflf  ammonia  which  may  be 
converted  into  ammonium  sulphate,  and  it  has  also  found  ap])lica- 
tion  in  the  organic  dye  industry  as  well  as  in  the  tempering  and 
hardening  of  steel.  Uut  its  most  important  use  has  been  found 
to  be  as  a  fertilizer.  Investigations  by  Dr.  Hall  at  Rotham- 
stead  have  shown  that  as  a  manure  it  is  ecjual  to  nitre  or  any 
of  the  artificial  fertilizers.  It  is,  morever,  cheaper  than  the 
basic  nitrate  produced  by  Birkeland  and  Eyde.  According  to 
Dr.  Frank,  "to  replace  the  present  consumption  of  Chili  nitrate 
by  cyanamide  would  require  something  like  800,000  HP,  and 
works  are  springing  up  all  over  the  world  to  ])roduce  it  wherever 
water-power  is  abundant  and  cheap."***  I'he  original  works  of 
Frank  and  Caro  at  Piano  d'Orte,  in  Italy,  arc  being  extended  at 
the  present  time  to  an  output  of  10.000  tons  and  niunerous  plants 
^re  installed  or  being  contemplated  in  \-arious  lun-opean  coun- 
tries as  well  as  in  America.  The  United  States  Cyanamide 
Company  is  erecting  a  5,000  to  6.000  tons  works,  at  Niagara 
Falls,  Ontario,  and  will  shortly  build  anothc  installation  in  Ten- 
nessee. 

While  important  progress  has  thus  been  made  in  processes 
for  the  utilization  of  atmospheric  nitrogen,  electrical  methods 
have  also  been  invading  a  field  in  which  at  first  there  seemed  to 
be  little  probability  of  their  gaining  a  foothold.  I'.ut  the  cheap, 
efficient  manner  in  which  electrical  energy  can  be  applied  instead 
of  coal  in  many  branches  of  the  iron  and  steel  industrv  has 
caused  the  new  methods  to  become  an  iniiiortant  factor  even 
here.  During  the  latter  i)art  of  ilu'  ninctecmli  century  im- 
mense strides  had  been  made  in  both  the  theory  and  i)ractice  of 
iron  smelting.  The  conditions  governing  the  nature  of  the  jiro- 
duct  obtained  in  the  blast-furnaces  were  investigated  thoroughlv  : 
so  that  the  iron  metallurgist  could  produce  an  iron  of  any  desired 
quality.  Similar  jn-ogress  had  been  made  in  the  manufacture  of 
steel.  But  the  scarcity  of  coal  in  many  places  where  both  ore  and 
cheap  power  are  available  caused  many  persons  to  consider  the 
advisability  of  using  electricity  to  do  the  work  ordinarilv  per- 

'Ele -trochein,    Ind.  \'\.  i-H,  Dec-,  loot*. 
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formed  by  coal.  The  report  of  the  Canadian  Commission  has 
been  long  enough  before  the  public  for  all  to  become  fairly  fa- 
miliar with  its  contents,  and  a  great  many  Canadians  have  come 
to  realize  the  imrnense  "possibilities  of  electro-thermic  processes 
in  this  country.  However,  the  time  seems  hardly  ripe  for  an 
extensive  development  of  electrical  iron  smelting-,  and  we  cannot 
do  better  than  quote,  in  this  connection,  the  opinion  of  Mr.  J. 
Harden,  a  noted  metallurgist.*  After  comparing  the  two  pro- 
cesses for  reduction  of  iron  ore.  he  concludes  that  "where  con- 
ditions are  the  same  in  both  cases,  as  to  the  class  of  ore,  amount 
of  labor,  and  class  of  fuel  available,  the  electric  smelting  furnace 
requires  an  expenditure  of  $9.70  per  ton  of  produced  iron,  while 
the  blast  furnace  requires  only  $6.84  or  $2.86  less  per  ton  of  iron." 
He  then  reviews  the  difficulties  which  have  occurred  in  the  vari- 
ous types  of  electric  furnaces,  and  makes  the  following  note- 
worthy remarks : — 

"It  is  certainly  not  our  intention  to  stamp  the  electric  smelting 
furnace  as  a  hopeless  imj:)ossibility — far  from  it;  but  it  is  only  in- 
tended to  state  things  as  they  are  at  the  present,  and  keep  some 
of  those  optimists  a  little  nearer  the  earth  who  dream  that  the 
days  of  the  good  old  blast  furnace  are  doomed,  and  must  give 
way  to  the  more  modern  electric  smelting.  We  certainly  believe 
that  the  smelting  furnace  is  capable  of  attaining  perfection,  like 
c\'crything  new,  but  all  improvements  must  go  steadily  forward, 
nut  in  leaps  and  bounds,  as  the  effects  of  undue  rashness  are  only 
leading  us  astray."  His  conclusion  is  that  electric  smelting  would 
l)e  justifiable  only  in  such  regions  as  India  or  Western  States  of 
U.S.A.,  where  there  is  practically  no  coke,  while  there  are  large 
deposits  of  cheap  ores  and  abundant  water-power.  The  carbon 
required  for  the  chemical  reduction  could  be  obtained  by  con- 
verting wood  and  forest  waste  (which  may  be  had  there  in  large 
(|uantitics)   into  charcoal. 

While  the  success  of  electric  smelting  is  thus  still  a  proba- 
bility, the  production  of  steel  in  the  electric  furnace  has  become 
an  established  process.  The  first  steps  in  this  direction  were 
made  by  the  carbide  and  aluminium  producers  at  a  time  when 
an  over-production  of  these  products  on  the  European  market 
threatened  many  electro-chemical  installations  with  absolute 
ruin.  Naturally,  the  products  initially  turned  out  were  more  or 
less  novelties,  like  the  ferro-alloys.  A  gradual  education  of  the 
steel  consumers  has.  however,  not  only  led  to  a  greatly  increas- 
ing demand  for  such  special  alloys,  but  has  also  encouraged  the 
electro-chemical  majuifacturers  to  enter  upon  the  production  and 
refining  of  steel.  Here  the  electrical  ])rocesses  possess  un- 
doubtedly superior  advantages,  both  from  the  point  of  view  of 
efficiency  and  of  ability  in  controlling  the  quality  of  product; 
and  when   Mr.  Chas.  M.  Schwab*^''  states  that  in  his  opinion  the 
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near  future  will  see  the  electric  steel  furnace  an  essential  part  of 
all  existing  steel  plants,  it  is  evident  that  the  advantageous  re- 
sults to  be  obtained  by  using  the  new  process  have  been  per- 
ceived by  the  most  important  steel  producers. 

Out  of  the  large  number  of  new  develo]:)ments  that  have 
occurred  in  this  industry  within  the  last  couple  of  years,  two  are 
especially  worth  noticing.  One  of  these  is  the  Lash  steel  pro- 
cess, the  object  of  which  is  to  make  any  desired  steel  by  properly 
mixing  ore,  cast  iron  and  carbon  and  then  subjecting  the  mix- 
ture to  heat.  "The  essential  features  in  the  process  seem  to  be 
the  fine  state  of  division  of  the  constituents  of  the  mixture,  their 
intimate  association,  and  the  use  of  iron  containing  metalloids 
in  considerable  quantities."* 

The  other  great  development  has  been  the  Roechling- 
Rodenhauser  modified  induction  furnace.  The  ordinary  induc- 
tion furnace  is  in  reality  a  transformer  in  which  the  secondarv  is 
constituted  by  a  ring  of  molten  metal.  Owang  to  the  high  tem- 
])erature  of  the  latter,  careful  heat  insulation  has  been  found 
necessary  from  both  the  primary  and  magnetic  iron  core.  The 
result  has  been  a  considerable  magnetic  stray  flux  and  conse- 
quently a  low  power-factor.  Attemj^ts  have  been  made  to 
reduce  this  defect  by  lowering  the  frequency  of  the  alternating 
current  generatt^rs,  and  frequencies  as  low  as  15  have  been  used. 
r>ut  the  most  recent  innovation  due  to  Messrs.  H.  Roechling 
and  Rodenhauser  of  the  Roechling  iron  and  steel  works  in  \''oel- 
kingen,  Germany,**  consists  in  having  an  additional  secondary 
coil  connected  with  metal  plates  which  are  separated  from  the 
molten  bath  by  a  refractory  electrolytic  conductor  of  the  same 
kind  as  used  in  the  Nernst  lamp,  so  that  the  metal  is  heated  not 
only  by  induction  currents  but  also  by  currents  passing  through 
it  between  the  electrode  plates.  Single-phase  current  was  orig- 
inally used  in  this  furnace,  but  more  recently  thrce-]:)hasc  cur- 
rent has  been  use'd  successfully,***  and  it  has  been  found  i)ossi- 
ble  to  operate  such  furnaces  economically  with  alternating  cur- 
rent of  ordinary  frequency,  so  that  the  necessity  of  building  spe- 
cial and  expensive  generators  is  thereby  obviated.  The  princi- 
])al  use  for  this  type  of  furnace  is  in  further  refining  the  steel 
after  it  is  blown  in  the  converter,  the  additional  cost  of  electric 
refining  being  more  than  compensated  by  the  greater  density  and 
liomogencity  of  the  jiroduct.  It  is  also  interesting  news  that  by 
this  method  more  than  t,ooo  tons  of  steel  rails  have  l)een  made 
and  sold  by  the  above  iron  works  to  German  railroads. 

Not  only  in  the  electro-metallurgy  of  iron  and  steel  but  also 
in  other  fields  of  electro-chemistry  there  have  been  many  signal 
advances.  Acheson's  deflocculated  graphite  and  Potter's  '*Monox" 
form  the  latest  additions  to  the  already  large  number  of  electric 
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furnace  products.  The  former  of  these  is  the  result  of  Mr. 
Acheson's  discovery  that  fine,  pure  gra])hite  (which  he  suc- 
ceeded in  producini^-  during  1906)  when  digested  with  water  con- 
taining a  trace  of  tannin  becomes  capable  of  remaining  suspend- 
ed in  the  water  for  an  indefinitely  long  time,  forming  as  it  were 
a  colloidal  solution.  In  this  condition,  the  graphite  is  designated 
by  its  inventor  as  "defiocculated,"  and  the  a(|ueous  sus])ension 
has  the  singular  projjcrty  of  being  an  excellent  lubricant.  When 
added  to  oil,  deflocculated  graphite  reduces  its  coefficient  of  fric- 
tion considerabl}".  It  therefore  seems  as  if  it  will  cibiain  imj^or- 
tant  commercial  application. 

Dr.  Henry  Xoel  Potter  has  obtained  silicon  moudxide  by 
reducing  silica  at  the  temperature  of  the  electric  arc  either  by 
silicon  or  coke.*  The  temperature  thus  produced  which  has  the 
formula  SiO  (analogous  to  CO),  has  been  called  "monox"  by  its 
inventor.  In  the  air,  it  burns  very  readily  to  silica  and  this 
explains  why  it  has  not  been  obtained  under  the  conditions  exist- 
ing in  the  carborundum  furnace.  In  the  furnace  designed  bv 
Dr.  Potter  a  mixture  of  sand  and  coke,  or  carborundum  fire  sand, 
is  subjected  to  the  action  of  an  electric  arc  between  two  hori- 
zontal electrodes  which  are  covered  by  the  charge.  As  soon  as 
the  reaction  begins,  the  monox  vapor  produced  blows  a  funnel- 
shaped  hole  through  the  charge  and  is  then  chilled  by  contact 
with  the  walls  of  a  large  enclosed  drum  which  covers  the  top  of 
the  charge.  As  this  drum  is  practically  free  from  air,  the  vapor 
does  not  burn  but  is  condensed  as  a  denosit  on  the  walls  of  the 
container.  The  solid  monox  is  a  fine,  opaque,  light-brown  poAv- 
der  which  possesses  many  interesting  properties.  It  has  been 
found  to  be  a  valuable  pigment  in  certain  oil  paints,  in  particu- 
lar paints  for  brick-work  and  paints  for  protecting  structural 
iron  from  rusting.  It  is  also  a  good  addition  to  black  printing 
inks;  and  the  probabilities  are  that  many  other  uses  will  be 
found  for  it. 

This  completes  our  brief  sur\ey  of  some  of  the  recent  ad- 
vances in  electrochemistr}-  and  electro-metallurgv.  A  great 
many  things  have  necessarily  been  (knitted:  such  as  the  work 
done  by  Edison  and  others  on  the  iron-nickel  accumlator ;  the 
electrolytic  refining  of  lead,  silver,  and  gold:  the  production  of 
caustic  soda  and  cliloriiu  in  the  Townsend  cell;  the  aluminium 
rectifier,  and  numerous  other  topics.  Hut  perhaps  even  the 
above  few  remarks  may  serve  to  show  that  not  onlv  has  the 
development  of  electro-chemistry  in  recent  years  taken  place  in 
many  directions  that  even  the  most  imaginative  scientists  of 
twenty  years  ago  did  not  foresee,  but  al.so  the  future  will  prob- 
ably see  more  and  more  of  the  ordinary  chemical  and  metallur- 
gical operations  replaced  by  electro-chemical  processes.  Espe- 
cially will  this  be  so  for  our  own  province,  where,  as  well  known, 
hydro-electric  power  is  readily  available,  and  there  is  an  abun- 
dance of  the  choicest   raw  mati'rials. 

'Trans    Am    Electrochem  Soc-  12.  \'if>-.  p   »i-. 


124  APPLIED   SCIENCE 

FERTILIZERS    AND    THEIR    MANUFACTURE* 

F.  K.  HARRIS,  '09 

The  object  of  a  fertilizer  is  to  supply  to  the  soil  those  ele- 
ments and  constituents  which  the  plants  have  absorbed  in  the 
process  of  their  growth,  and,  generally  speaking,  there  are  three 
primary  elements  which  need  to  be  supplied,  namely: 

(1)  Ammonia    or    nitrogen. 

(2)  Phosphate  of  bone  containing  about  50  per  cent,  fr-ee 
phosphoric  acid. 

(3)  Sulphate  or  muriate  of  potash,  sulphate  being  the  best. 
These   three   ingredients   mixed   with   pure   sand  and  water 

will  stimulate  the  groAvth  of  vegetation,  and  as  the  sand  has 
not  the  elements  that  will  sustain  plant  life  the  test  shows  that 
the  added  fertilizer  supplies  the  necessary  food. 

A  rich  land  has  all  the  elements  to  a  greater  or  lesser  de- 
gree, while  a  poor  land  lacks  some,  or  nearly  all,  and  some  land 
will  have  all  the  elements  but  one.  But  no  matter  how  rich 
the  land  is  an  addition  of  fertilizer  generally  proves  a  benefit, 
increasing  the  yield  with  the  same  labor.  There  are  two  gen- 
eral classes  of  fertilizers : 

(1)  Indirect    fertilizers. 

(2)  Direct   fertilizers. 

An  indirect  fertilizer  is  one  which  does  not  in  itself  furnish 
directly  to  the  soil  any  needed  plant  food,  but  whose  chief  value 
depends  upon  the  power  it  has  of  exchanging  unavailable  into 
available  forms  of  plant  food.  Those  which  are  employed 
most  commonly  aire  lime,  gypsum  and  common  salt. 

(lypsiim,  known  also  as  calcium  sulphate,  or  sulphate  of 
lime,  in  some  manner  aids  the  process  of  nitrification,  by  which 
tlie  ammonia  and  the  nitrogen  of  organic  matter  are  converted 
into  nitric  acid  and  nitrates.  It  also  acts  on  the  insoluble  forms 
of  potash  and  other  elements  of  plant  food,  converting  them 
into  soluble  and  available  forms.  It  is  of  \-alue  to  suc'h  plants 
as  clover  and  peas,  etc. 

Ouick  lime,  or  l)urnt  lime,  or  calcium  oxide,  commonly 
called  lime,  change  both  the  physical  and  the  chemical  charac- 
ter of  soiils.  h>eshl\-  burned  lime  acts  by  decomposing  veg- 
etable and  mineral  matter  already  present  in  soil  and  changing 
them  into  forms  which  are  available  as  food  for  the  plant. 
I'hus  lime  acts  upon  insoluble  mineral  substances  containing 
potash  and  cnmcris  them  into  soluble  forms.  Lime  aids  in 
decomposition  of  animal  and  vegetable  matter,  such  as  veget- 
able mold,  stable  manure,  etc.,  and  tends  to  convert  them  into 
available  i)lant  foorl.  Lime  should  l)e  used  along  with  other 
fertilizers. 

Common  salt  has  an  indirect  fertilizing  value,  which  is 
mainly  due  to  its  power  of  changing  unavailable  forms  of  plant 
food    int(^   a\aila])le,   especially    potash. 

■Read  before  tlie  Clieniical  and  Mining  Section  of  Engineering  Society.  Nov.,  igo8. 
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Hence  we  see  if  these  were  used  alone  the  soil  would  soon 
become  exhausted,  and  become  of  no  value. 

Direct   fertilizers   contain   forms   of   plant   food   which   con- 
tribute  directly   to   the   growth   and    substance    of    the    plants. 
Such  materials  may  contain  either  nitrogen  or  potash,  or  phos- 
phoric acid  compounds,  or  an_\'  two  or  all  three  of  these  forms. 
Some   of   these    direct    fertilizers   are : 

Xitrate  of  soda,  known  as  Chili  saltpetre,  found  in  Chili  and 
I'eru  of  S,  A.,  contains  IS'/j  to  16%  of  nitrogen. 

Sulphate  of  ammonia  is  formed  from  waste  products  pro- 
duced in  manufacture  of  illuminating  gas  or  coke.  This  con- 
tains about  2.S%  of  XH...  which  is  e(|uivalent  to  about  20j/^%  of 
nitrogen. 

Cottonseed  meal  is  product  form,  after  extraction  of  oil 
tmm  cottonseed  oil.  This  contains  about  7^/c  nitrogen,  3% 
phosphate  and  2%  potash. 

Tobacco  stems  are  refuse  from  tobacco  factories,  and  con- 
sists of  5-8%  potash..  2-3%  nitrogen  and  small  quantity  of  phos- 
phoric acid. 

Dried  blood  consists  of  blood  obtained  from  slaughtering 
animals.  It  is  prepared  by  evaporating,  drying  and  grinding. 
This  contains  10-15%  nitrogen. 

Dried  fish  scraps  and  ground  fish  are  refuse  from  canneries 
and  contain  7-89^  nitrogen,  together  with  as  much  insoluble 
phosphoric  acid. 

^leat  scraps  and  tankage  are  slaughter-house  refuse,  dried 
and  ground.  Good  tankage  contains  10''r?  or  more  of  nitrogen 
and  as  much  phosphoric  acid. 

Xitrogenous  guanos  are  formed  in  dry  regions.  The  Peru- 
vian guano  contained  7%  of  nitrogen.  7-12%  phosphoric  acid 
and  about  1%  potash. 

I'ones. — These  consist  mostly  of  calcium  phosphate,  which 
consists  about  3/5  \\t.  of  the  bone.  The  remaining  portion  is  a 
soft,  flesh-like  sid)stance,  called  gelatine,  which  is  rich  in  nitro- 
gen. Bones  which  are  used  in  making  commercial  fertilizers 
contain  from  4-5S'  of  nitrogen,  and  l^-l^^'c  of  phosphoric  acid, 
of  which   1/3  is  a\-ailable. 

A  fertilizer  largel}-  used  in  Southern  States  at  present  is 
known  as  rock  phosphate.  The  chief  rocks  which  are  used  arc 
apatite  ,  capro'lite  and  phosphorite.  Until  recently  a  large 
((uantity  of  apatite  was  exported  from  Canada  to  Southern 
States  from  around  Ottawa  district  for  this  jnirpose.  But  the 
discovery  of  the  rocks  of  this  nature  having  been  made  in  the 
States  the  trade  in  Canada  came  suddenly  nearly  to  a  standstiU. 

Tn  Southern  .States  phosphate  rocks  are  named  by  nam^rs 
which  designate  localities  from  which  they  come,  as  South  Car- 
olina rock,  Florida  rock,  etc..  and  contain  as  much  as  25-30% 
phosphoric  acid.  These  rocks  are  in  an  insoluble  conditioi., 
and  of  no  use  as  they  are.  To  make  them  available  they  are 
allowerl  to  weather  along  with  sulphuric  arid.  100-lb.  rock  being 
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treated  with  about  60  lbs.  acid.  Thi.s  weathering  takes  from 
4-6  months,  in  order  that  the  rock  may  be  thoroughly  disint.^,- 
grated.  As  much  as  64^  phosphate  has  been  o'btained  in  this  way. 

Market  fertilizers  contain,  according"  to  re(|uirements  for  dif- 
ferent plants  for  which  they  are  used,  from  2-8%  NH,,  from 
6-10%  of  bone  phosphate  and  4-10%  potash,  the  balance  being 
a  filler,  so  that  when  a  market  product  is  mixed  about  these 
percentages  of  plant  food  are  used  with  enough  cheap  ingredi- 
ents, such  as  ashes  and  dirt,  to  make  required  weight  and  bulk. 

Another  form  of  fertilizers  which  has  found  its  way  into 
the  market  during  this  last  centur}'  is  the  slag,  which  is  run  off 
from  the  basic  furnaces  used  in  the  iron  manufacture.  These 
furnaces  are  lined  with  basic  materials,  such  as  lime,  and  dur- 
ing the  blasting  the  lime  absorbs  the  phosphorus  from  the  iron 
forming  the  calcium  phosphate.  This  forms  the  slag.  It  is  run 
ofif  while  molten  steam  is  blown  through,  which  makes  it 
porous  and  light. 

This  is  now  ground  up  and  sold  under  the  name  of  the 
"Thomas  slag."  It  is  very  rich  in  the  phosphates,  the  chief  one 
being  calcium  phosphate. 

This  was  first  used  in  Germany  and  it  is  estimated  that 
1.000,000  tons  are  used  yearly  for  this  purpose. 

An  analysis  of  this  slag  is  approximately  as  follows: 

P^O,  -  16  20% 

CaO  -  40-50 

MgO  -  2-5 

Si  -  6 

^"^    y        -  8-15 

MnO  -  5-11 

Al  -  .5-.  6 

S  -  .5 

We  will  now  consider  the  manufacture  of  tankage  fertilizer 
and  bone  meal  from  raw  material  to  the  tinislu'd  product. 

The  raw  material  is  obtained  from  packing  houses,  abba- 
toirs.  slaughter-houses  and  butcher  shoi)s.  It  consists  of  the 
refuse  from  these  places,  such  as  carcasses  of  dead  animals,  offal 
and  blood  from  slaughter-houses,  bones  and  tallows  and  fats 
from  the  butcher  shops  and  bye-products,  such  as  meat  scraps, 
etc.,  from  packing  houses.  This  is  hauled  either  by  teams  or 
railroad  to  rendering  works.  Here  the  hides  of  dead  animals 
are  taken  off  and  placed  in  the  tanning  room.  The  carcasses  are 
quartered  and  placed  in  large  iron  tanks,  which  vary  in  sizes 
according  to  size  of  plant.  The  most  modern  ones  are  about 
5-6  ft.  diameter  and  20-2?  feet  long,  the  capacity  of  these  being 
about   10  tons. 

The  different  kinils  of  refuse  are  placetl  in  different  tanks. 
The  butcher  bones  and  cattle  heads  are  placed  in  one  tank,  the 
tallow    and    fat    in    another,   and     likewise     the     offal    in    another. 
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When  the  day's  niii  is  in  these  tanks,  whose  lids  are  screrwed 
down  in  order  to  stand  pressure  without  allowing  any  gas  or 
steam  to  escape,  the  contents  are  cooked.  This  is  done  by  allow- 
ing live  steam  from  the  boiler  to  pass  in. 

All  pipes  leading  from  the  tanks  being  shut  off  by  means 
of  valves  a  pressure  is  created  in  the  tank,  which  is  allowed  to 
run  up  from  15-20  lbs.,  denoted  by  means  of  a  steam  gauge. 
Under  this  pressure  the  length  of  time  of  cooking  for  different 
materials  varies.  A  tank  of  10  tons  capacity,  when  filled  with 
bones,  etc.,  requires  from  10-12  hours,  while  a  tank  of  same 
capacity  of  offal  requires  about  8  hours. 

After  the  cooking  or  rendering  is  completed  pressure  is 
allowed  to  go  oft'.  This  escaping  steam  is  laden  with  odors, 
which,  if  allowed  to  escape  in  air,  would  create  a  nuisance. 
hence  a  device  must   be  had  to  do  away   with  this. 

Some  plants  lead  their  exhaust  pipes  through  coils  immers- 
ed in  water,  and  from  there  lead  into  a  cavity  dug  in  the 
earth,  where  gases  condense.  Some  lead  the  gases  into  a 
water  tower,  and  there  in  contact  with  water  some  of  them 
condense  along  with  steam,  while  the  remaining  gases  are 
drawn  by  a  fan  and  are  used  for  a  draught  for  fires  under 
boilers,  there  being  burnt  and  allowed  to  pass  out  the  chimney. 

When  pressure  has  all  escaped  the  lid  of  tank  is  raised  and 
the  grease  and  oil  are  skimmed  off.  This  is  done  by  a  pipe  which  is 
about  }i  way  up  the  tank.  In  case  the  oil  is  lower  than  pipe 
liquor  from  another  tank  is  pumped  into  the  bottom,  thus  rais- 
ing the  oil. 

After  the  oil  has  be'cn  taken  off"  the  tanks  are  drained  of  the 
liquor  they  contain.  This  is  run  by  means  of  a  pipe  from  the 
bottom  of  the  tank  into  another  division  of  the  factory,  called 
the  wet  tankage  plant.  This  is  done  to  each  tank.  After 
draining  off  the  liquor  from  the  tanks  they  are  dumped.  This 
is  done  by  means  of  a  slide  attached  to  a  wheel.  They  are 
dumped  into  vats.  From  here  the  bones  from  bone  tanks  go 
tiirough  the  process  of  riddling  while  the  oft"al  and  the  carcass 
tank  are  washed  with  water,  in  order  to  obtain  as  much  grease 
as  possible,  and  then  pressed  in  the  hydraulic  press. 

The  process  of  riddling  which  the  bones  undergo  is  similar 
to  panning  gold.  The  flesh  on  the  bones  after  being  cooked 
only  slightly  adhere  to  bone,  hence  may  easily  be  separated, 
'ilie  riddle  is  a  round  vessel  with  a  meshed  bottom,  each  mesh 
being  about  1"  square.  .A  man  shovels  the  cooked  material  into 
one  of  these  riddles  and  then  washes  it  under  water  by  shaking. 
The  flesh  falls  through  the  riddle  and  the  bones  arc  sent  along 
to  the  drying  room. 

After  being  riddlctl  the  moat  is  then  placed  in  an  hydraulic 
press  and  pressed  under  a  pressure  of  120  lbs.  for  about  2  hours. 
This  removes  excess  of  water  and  grease  and  now  the  product 
is  known  as  crude  wet  tankage.  This  tankage  contains  about 
50-60'';     (if    in(Hsturi'.    and    in    order    to    make    it    into   a    product 
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which  could  be  shipped  in  Imlk  ndthout  any  fear  of  decomposi- 
iion  the  moisture  must  be  reduced  to  at  least  10%.  To  do  this 
it  is  passed  throug'h  what  is  called  dryers.  There  are  many 
types  and  descriptions.  One  of  the  oldest  consists  of  a  brick 
work  enclosing  a  boiler.  Pressure  was  kept  up  in  this  boilvr 
to  about  60  lbs.. 

The  tankage  was  fed  into  a  worm  by  a  man  and  shovel. 
This  worm  led  it  to  slot  where  it  dropped,  and  by  means  of  a 
long  shaft  fitted  with  paddks  it  was  made  to  pass  over  the 
lioi'ler.  At  end  of  first  shaft  it  was  dropped  into  another  slot, 
where  it  was  carried  back  by  means  of  a  shaft  running  in  the 
opposite  direction.  Then  it  was  returned  by  means  of  a  third 
shaft  and  passed  out  containing  from  6-10%  moisture.  This 
method  was  slow  and  continuous  and  required  two  men.  one  to 
feed  it  and  one  to  take  it  away  and  keep  up  steam  ;  hence  it  in- 
curred a  greater  expense  which  the  more  modern  ones  do  away 
with. 

The  more  modern  ones  consist  of  an  cvlindrical  iron  vessel, 
about  6'  in  diameter  and  about  18-20'  long.  This  is  encased 
in  another  cylindrical  vessel  about  12"  greater  in  diameter. 

The  tankage  is  carried  b}-  means  of  a  worm  into  the  inside 
of  the  inner  encasement  until  charged.  The  capacity  of  this 
ranges  from  1,800  to  2,200  lbs..  dci)ending  on  nature  of  tankage. 
When  charged  the  lid  is  placed  on  feed  box  and  steam  is  turned 
on  from  the  boilers.  This  steam  enters  between  the  two  en- 
tasemcnts  and  causes  the  moisture  to  ewiporatc  from  tankage 
as  it  Comes  in  contact  with  encasement.  The  exhaust  steam 
is  let  off.  The  water  vapour  from  the  tankage  is  carried  away 
and  allowed  to  condense  in   condensing  chamber. 

The  length  of  time  it  takes  to  dry  varies  with  the  various 
kinds  ol  tankage,  ll  too  niucli  grease  escapes  ])revious  opera- 
tions it  has  a  tendency  to  form  in  balls.  This  outer  portion  of 
l)all  will  dry  out  and  harden,  while  the  inner  portion  will  con- 
tain as  much  as  30%  of  moisture.  This  is  one  reason,  other 
than  that  of  vaJlue,  why  grease  should  be  removed  as  much  as 
possible. 

The  time  it  generally  takes  to  dry  is  about  two  hours. 
W  hen  dry  it  contains  about  8-10%  moisture  and  is  dumped  and 
shipped  as  crude  tankage  to  mixers,  where  it  is  mixed  with 
potash,  etc..  as  is  needed  by  consumers. 

In  order  that  the  tankage  may  l-)e  brought  in  contact  with 
the  hot  encasement  of  the  dryer  the  latter  is  litted  with  a  shaft 
runing  through  the  centre.  Connected  with  the  shaft  are  pad- 
dle.s.  These  paddles  revohe  and  carry  with  it  the  tankage. 
This  serves  also  to  prevent  the  tankage  from  forming  hard 
lumps  as  previcnisly  stated. 

The  liquor  from  the  tanks  is  run  over  to  the  wet  tankage 
plant.  Here  it  is  allowed  to  settle  in  vats  or  cess  pcwls.  Any 
solid  matter  carried  by  the  li(|uor  settles  to  the  bottom  and  any 
grease  that  has  escaped  ri-^es  and  is  skimmed  off. 
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The  li(|Uor  now  is  evaporated  down  to  a  semi-fluid  condi- 
tion in  vacuum  pans. 

These  are  generally  set  up  in  ])airs.  The  first  pan  is  run 
at  about  13  inches  vacuo  and  the  second  effect  at  about  16 
inches  vacuo. 

The  vacuum  draws  the  liquor  into  the  pan  from  the  settling 
vat  by  means  of  a  pipe.  Since  the  liquor  is  under  vacuum  pres- 
sure, the  temperature  required  to  boil  it  would  be  less  than  if  it 
were  boiled  under  ordinary  conditions.  Hence  the  exhaust  steam 
from  the  engine  can  be  used  to  do  this. 

In  the  first  pan  it  is  boiled  down  to  a  certain  consistency 
(about  that  of  cylinder  oil)  and  then  it  is  drawn  over  into  pan 
No.  2.  This  pan  being  under  greater  vacuum  will  draw  it  from 
the  first  pan,  and  under  this  greater  vacuum  the  temperature 
required  to  boil  it  is  still  less.  Thus  the  vapour  wdiich  comes 
off  from  the  first  pan  is  hot  enough  to  evaporate  the  liquor  in 
the  second  pan. 

In  the  second  pan  the  liquor  is  evaporated  to  the  consis- 
tency of  about  18°  Beaume,  and  contains  40-30%  moisture. 
This'  is  pumped  when  hot  into  barrels,  or  it  may  be  fed  into  the_ 
dryer  with  the  tankage.  It  contains  a  very  high  percentage  of 
ammonia,  and,  in  mixing  it  with  the  tankage,  raises  the  quality 
of  latter  and  consequently  the  value. 

In  some  cases  this  evaporated  liquor,  or.  as  it  is  known 
commercially  as  "stick  tankage."  may  be  dried  to  a  powder. 

This  kind  of  dryer  consists  in  a  revolving  cylindrical  ves- 
sel about  12'  feet  long  and  4'  in  diameter.  Steam  is  passed  to 
the  inside,  and  on  side  of  this  dryer  is  a  pan  containing  the 
.semi-fluid.  As  this  dryer  revolves  it  passes  through  the  liquor, 
which  adlieres.  and  as  it  revolves  the  temperature  of  surface  is 
great  enough  to  drive  off  the  moisture  and  dry  the  material. 

On  the  opposite  side  is  a  knife,  which  fits  closely  to  the 
dryer  and  scrapes  off  the  dried  material  into  a  vat.  from  which 
it  is  placed  in  the  storage  room. 

The  fertilizer,  as  it  now  is,  is  sold  to  the  manufacturers  of 
mixed  fertilizer  and  is  sold  on  the  basis  of  analysis.  The 
two  constituents  which  are  of  value  are  ammonia  and 
phosphate  of  lime.  The  former  being  about  twenty  times  more 
valuable  than  the  latter,  hence  it  is  sold  on  so  much  per  unit  of 
ammonia  and  so  much  per  unit  of  phosphate. 

To  make  what  is  known  as  bone  meal  fertilizer  the  bones 
are  cooked  under  pressure  until  they  become  porous  and  mealy. 
I'his  takes  about  two  hours  longer  than  the  previous  operation. 
These  arc  then  treated  similarly  to  the  other  fertilizer.  It  con- 
tains 20-30";^  bone  phosphate  of  lime.  The  amount  of  phos- 
phate of  lime  is  estimated  on  amount  which  the  land  will 
absorb. 

It  was  found  that  the  amount  absorbed  by  the  land  in 
course  of  lime  was  equivalent  to  the  amount  which  would  be 
dissolved    in   an   ammonium    citrate   solution.     This,   along  wdth 
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those  phosphates  which  were  soluble  in  water,  were  called  the 
available  phosphoric  acid.  But  when  the  "Thomas  slag"  was 
used  it  was  found  that  the  ammonia  citrate  would  not  dissolve 
any  of  the  phosphate,  but  that  1%  citric  acid  solution  would  dis- 
solve an  equivalent  amount.  Therefore,  instead  of  ammonium 
citrate  1%  citric  acid  solution  is  used,  and  available  phosphoric 
ctcid  is  the  sum  of  phosT)horic  acid  which  is  soluble  in  water  and 
that  soluble  in  a  1%  citric  acid  solution.  The  nitrogen  is  esti- 
mated as  ammonia  by  the  Kjeldal's  method.  The  nitrogen  i> 
changed  to  ammonium  sulphate  by  means  of  strong  HoSO^. 
and  the  ammonia  is  driven  off  by  addition  of  KOH.  The  am- 
monia is  caught  in  a  known  amount  of  standard  acid,  and  the 
excess  of  acid  being  titrated  off,  the  amount  of  ammonia  can  be 
calculated. 


W.  HODGSON  ELLIS,  M.A.M.B. 

Dr.  Ellis'  connection  with  the  School  of  Practical  Science 
dates  from  the  year  1878,  when,  on  the  organization  of  that  insti- 
tution, he  became  Assistant  to  the  Professor  of  Chemistry.  Dr. 
H.  PI.  Croft.  Prior  to  this,  he  had  been  a  practising  physician 
in  this  city,  but  this  he  gave  up  in  the  early  seventies  on  receiv- 
ing an  appointment  on  the  staff  of  the  College  of  Technology, 
then  located  in  the  ^Mechanics'  Institute  building,  the  present 
Public  Library.  This  College  of  Technology^  was  the  prototype 
of  the  Scliool  of  Practical  Science,  now  the  Faculty  of  Applied 
Science  and  Engineering  of  the  University  of  Toronto. 

No  professor  of  this  Univeristy  has  won  the  respect  and 
affection  of  associates  and  students  to  a  greater  degree  than 
has  Dr.  Ellis.  No  professor's  judgment  on  matters  of  academic 
policy  was  ever  saner  and  no  one's  advice  has  carried  more 
weight  than  has  his.  Of  ripe  scholarship,  varied  attainments, 
unexcelled  honesty  and  broad  sympathies,  he  has  filled  a  place 
in  university  life  larger  than  that  which  most  men  occupy.  He 
combines  to  a  very  unusual  degree  a  fine  literary  and  artistic 
taste  with  rare  attainments  of  a  scientific  character.  His  popu- 
larity was  never  greater  than  it  is  to-day  and  his  colleagues 
and  students  sincerely  hope  that  ho  may  long  bo  spared  to 
continue  the  work  which  for  over  thirty  years  lie  has  done  so 
cfficicrillv  and  li()nr)ral)]\-. 
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Editorial 

It  had  been  our  inleution  tu  write  at  length  un  the  duty  of 
e\erv  Toronto  graduate,  and  undergraduate,  in  Applied  Science 

and  Engineering  to  take  full  advantage  of  the 
T-o-r-o-n-t-o's  Annual  ^Meeting  of  the  Canadian  Society  of 
Opportunity  Civil   Engineers  which   takes  place  in  our  city 

during  the  last  week  of  this  month.  The  letter 
of  Mr.  W  .  j.  I'rancis,  which  is  published  in  full  on  another  page, 
renders  this  unnecessary.  Everyone  should  read  it  carefully. 
I""()r  many  years  "Toronto"  men  have  not  interested  themselves 
in  the  welfare  of  this  great  society  as  they  should.  The  credit 
for  the  wonderful  advances  the  society  has  made  in  the  last  few 
years  must  to  a  great  extent  be  awarded  to  our  friendly  rival, 
McGill    Cniversit}-,     and     its    graduates.     There     are     probably 
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special  reasons  for  this  not  apparent  to  us  ;  but  with  this  conven- 
tion comes  Toronto's  opportunity.  Let  us  not  be  slow  in  seizing 
it.  Every  third  and  fourth  year  man  should  between  now  and 
the  date  of  the  convention  seek  to  identify  himself  with  the 
socictv  as  a  student  member  and  endeavor  to  attend  ever}'  meet- 
ing. Tt  is  not  too  much  to  expect  that  the  council  will  call  off 
lectures  in  these  years,  so  that  not  only  the  undergraduates  but 
the  staff  may  have  an  opportunity  of  attending  all  sessions. 

It  is  gratifying  to  know  the  Engineering  Society  is  going  to 
entertain  the  national  body.  Let  this  dinner  be  a  success.  Every 
"Sc^iool"  man  should  lend  his  presence  and  enthusiasm  in  making 
it  so. 

Attention  is  again  called  to  the  essay  on  "The  Ideal  Lec- 
turer.'' A  full  discussion  on  this  subject  from  the  standpoint 
of  the  undergraduate  cannot  help  but  be  inter- 
The  Ideal  esting  and  must  be  instructi\e.  While  there  will 

Lecturer  be  as   many  "ideals"  as  there  are  idealists,  it 

is  probable  that  they  can  be  readily  divided 
into  classes  according  as  they  view  t'he  aim  of  an  engineering 
education.  On  the  one  hand  are  those  who  take  for  their  motto. 
"Knowledge  is  power."  These  attempt  to  cover  just  as  much 
ground  as  possible  in  a  limited  time.  The  extreme  cxamj)le  is 
the  lecturer  who  has  thoro'ughly  covered  his  subject.  Tie  rushes 
to  his  class  and  the  blackboard  and  the  entire  liour  is  taken  in 
a  race  to  give  and  copy  notes,  which  are  afterwards  memorized 
by  the  students.  Everything  has  reached  such  a  mechanical  level 
that  the  personal  e(|uation  of  the  lecturer  is  almost  entirely  lost. 
His  place  could  be  almost  taken  by  lantern  slides  and  a  ])hono- 
graph.  with  about  as  good  results. 

On  the  other  hand  there  are  thr>so  who  claim  that  the  ulti- 
mate test  of  a  man's  efficiency  is  not  what  he  knows  but  what  he 
can  do.  and  that  it  should  therefore  be  the  aim  of  an  engineering 
education  to  produce  men  who  have  the  jiowcr  to  soho  the  indus- 
trial and  engineering  problems  of  the  dav. 

Thus  the  lecturer  must  not  only  give  his  classes  permanent 
possession  of  those  kinds  of  knowledge  which  are  most  essential, 
but  lie  must  also  teach  them  how  to  use  that  knowledge  just  as 
a  mechanic  is  taught  to  use  his  tools.  .\  mistake  is  made  in 
giving  the  student  more  than  he  can  ever  assimilate.  Tie  should 
be  taught  how  to  meet  and  solve  problems,  so  that  he  can  go 
out  into  the  great  world  with  a  confidence  that  he  can  solve  its 
])r()blein-^.  one   b^"   (Uie. 

While  the  personal  equation  of  the  lecturer  will  always  be 
the  pre-eminent  factor  of  his  success,  he  must  have  the  power 
of  imparting  his  kn<nvledge.  He  should  have  some  idea  of  the 
psychology  of  teaching,  for  after  all  engineering  faculties  are 
schools,  not  colleges.  A  good  engineer  will  not  necessarily 
make  a  successful  lecturer.     The  real  test  of  a  lecture  ci^urse  is 
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the  amount  of  benefit  the  students  derive  from  it  and  consequent- 
ly the  lecturer  should  frequently  apply  the  written  test.  These 
tests  ofifer  splendid  opportunities  of  inculcating  habits  of 
accuracy,  reliability,  clearness  of  expression,  and  he  should  insist 
that  the  work  be  carried  out  in  such  a  manner  that  these  benefits 
will   result. 

Personally  the  ideal  lecturer  will  be  a  thorough  master  of 
his  subject.  He  will  be  clear  and  forceful  in  his  delivery.  His 
lectures  will  be  logically  developed,  his  language  perfect,  his 
blackboard  work  neat  and  accurate;  his  personality  will  be  such 
that  he  will  gain  the  good  will  and  confidence  of  his  classes ; 
while  firm  he  will  clothe  his  lectures  with  an  interest  that 
discipline  in  a  college  class  will  be  a  negligible  quantity.  Should 
for  some  reason  or  other  he  lose  control  he  will  be  big  enough 
and  strong  enough  not  to  take  a  coward's  advantage  of  his  class 
to  vent  peevish  spite  or  biting  sarcasm  on  the  class  either  as  a 
whole'  or  on  the  individual  who  cannot  hit  back.  He  will  be 
genial  and  sympathetic,  easily  approachable,  and  will  always 
encourage  his  students  to  come  to  him  with  their  knotty  prob- 
lems and  at  the  same  time  will  encourage  in  them  a  spirit  of 
original  research. 

Since  the  last  issue  of  Applied  Science  most  of  the  plans  for 
the  Twentieth  Annual  Dinner  have  been  completed,  only  some 
minor  details  have  yet  to  be  arranged.  The 
The  Reunion  Canadian  Society  of  Civil  Engineers  have  gra- 
Dinner  ciously   accepted    the    invitation    extended   to 

them  by  the  Engineering  Society.  This  in  itself 
will  give  our  annual  function  more  than  its  ordinary  significance. 

The  graduates  have  taken  hold  of  their  end  of  the  plans 
with  an  energy,  a  will,  and  an  enthusiasm,  they  have  never 
before  shown  in  connection  with  any  of  our  functions.  Some 
of  them,  who  are  busy  men,  are  taking  a  holiday  and  coming  a 
long  distance  to  be  in  Toronto  for  that  evening. 

Among  the  undergraduates  also  there  is  a  real  live  enthusi- 
asm. Every  one  feels  that  this  event  marks  a  new  era  in  the 
history  of  the  Applied  Science  Faculty,  for  upon  the  success  of 
this  enterprise,  to  a  large  extent,  depends  the  amount  of  influ- 
ence wielded  by  the  Engineering"  Societv. 


A.  E.  Xourse.  '07,  is,,with  the  Expanded  Metal  Co.  of  Canada. 

We  regret  to  note  the  death  of  James  McDougall,  B.A..  who 
was  one  of  the  School's  earfiest  graduates,  having  graduated  in 
1S<^4.     .\  full  obituary  will  appear  in  our  April  issue. 

-Messrs.  Sinclair  and  Smith  (both  S.P.S.)  consulting  engi- 
neers, have  rearranged  their  business  arrangements  and  work 
will  now  be  carried  on  under  the  name  of  Sinclair,  Sutcliffe  ^c 
Neelands.     H.  W.  Sutcliffe  and  E.  \\'.  are  both  '07  men. 
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SOME  RANDOM   THOUGHTS  FROM  THE  TORONTO 
GRADUATES'   DINNER. 

F.  II.  CHESXUT 

At  the  St.  Charles  Hotel  on  the  evening  of  January  13th,  a 
number  of  graduates  (about  50  in  all)  of  the  Faculty  of  Applied 
Science  again  congregated  to  discuss  such  points  of  interest  as 
might  be  brought  forward  in  connection  with  the  improvements 
of  the  course  in  Applied  Science  at  Toronto  University  and 
also  to  consider  the  means  by  which  the  standing  of  the  En- 
gineer in  this  country  may  be  improved. 

The  following  ])aragra]:>hs  give  in  substance  the  proceedings 
of  the  meeting  and  also  the  writer's  views  on  the  subjects  under 
discussion. 

The  first  matter  l^rought  before  the  meeting  was  a  plea  for 
higher  standing  of  matriculation  into  the  Faculty  of  Applied 
Science. 

Many  persons  have  commented  on  the  fact,  that  a  v».'ry 
large  percentage  of  the  students  of  the  first  year  fail  in  their 
examinations.  What  are  the  causes  of  this?  The  (|uestion 
may  be  answered  by  either  one  or  all  of  the  following : 

(i)   The  ])apers  may  be  too  difiRcult. 

This  is  unusual  and  may  be  eliminated. 

(2)  The  student  may  not  take  enough  interest  in  his  work- 
due  to  either  carelessness  (which  then  puts  him  on  his  own  re- 
sponsibility) or  due  to  his  being  discouraged  by  the  amount  of 
new  work  which  confronts  him.  This  latter  would  not  be  the' 
case  had  he  obtained  a  thorough  working  knowledge  of  Algebra. 
Fuclid,  Trigonometr}^  and  Analytical  (Geometry.  The  fact  of 
the  matter  is  that  the  jump  is  too  great  from  the  standard  of  the 
High  School  to  the  standard  of  the  first  vear  Science. 

(3)  The  student  may  not  be  of  sufficient  age  to  grasp  the 
subjects  of  the  first  year,  'i'he  only  solution  of  this  difficult v 
is  the  establishing  of  a  standard  of  admission  in  this  resi)cct. 

There  is  still  another  side  to  the  question.  ft  is  claimed 
that  even  if  the  standard  of  entrance  be  raised  that  no  material 
difference  would  l)c  shown  in  the  results  of  first  year  examina- 
tions. It  seems  reasonable  to  admit  that  in  the  natural  course 
of  things  the  standard  of  the  first  year  examinations  would  be 
automatically  raised  and  if  s<.  there  would  still  be  the  long  list  of 
tail-enders. 

Considering  l>oth  sides  of  the  question  it  would  then  appear 
that  the  raising  of  the  standard  would  not  materially  eflfect  the 
number  of  successful  candidates  at  the  first  year  examinations, 
but  it  will  be  admitted  that  an  engineer  with  a  thorough  ground- 
ing hi  the  subjects  spoken  of  (which  are  indeed  perhajis  the  only 
subject  he  remembers  after  leaving  college)  is  in  a  position  to 
handle  the  average  problem  which  he  meets  in  practice. 
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RELATIONS    WITH    FACULTY    OF    EDUCATION 

It  was  next  brought  to  the  notice  of  the  meeting-  that  the 
requirements  for  entry  to  the  Faculty  of  Education  were  such 
that  a  graduate  holding  the  degree  of  B.A.Sc.  was  not  eligible 
while  on  the  the  other  hand,  a  holder  of  the  certificate  of  Senior 
Matriculation  was  eligible. 

This  seems  a  rather  peculiar  state  of  affairs  but  no  doubt 
exists  through  an  oversight  on  the  part  of  the  Council  of  the 
Faculty  of  Education,  and  needs  but  a  suggestion  to  them  to  be 
rectified. 

Along  this  line  it  mig'ht  be  suggested  that  demonstrators  and 
lecturers  of  the  Faculty  of  Applied  Science  be  required  to  take  a 
course  in  the  Faculty  of  Education  before  being  eligible  for  posi- 
tions on  the  staff.  Tt  must  be  admitted  that  such  a  course  might 
d(>  a  world  of  good  and  at  any  rate  is  worth  a  trial. 

A  good  suggestion  was  next  brought  forward  regarding  the 
l^roposed  study  of  English  in  the  new  course  which  is  being  for- 
mulated by  the  Council. 

It  was  suggested  that  a  system  of  English  recitation  be 
adopted,  by  which  it  was  meant  that  the  student  would  be  re- 
quired to  write  reports  on  different  engineering  problems.  For 
instance,  the  Civil  section  might  be  required  to  make  a  survey  of 
the  Ravine  and  report  on  the  feasibility  of  a  bridge  or  an  em- 
bankment across  it,  giving  reasons  for  and  against  each  propo- 
sition. Reports  should  be  logical  and  concise,  thus  teaching  the 
student  the  use  of  English  in  the  practice  of  engineering. 

MATHEMATICS    IN    ENGINEERING 

I-'ollowing  this  was  a  discussion  as  to  the  amount  of  higher 
mathematics  which  the  average  graduate  carries  away  with  him 
when  he  leaves  the  College  Halls. 

The  speaker  advocated  a  thorough  \\'f)rking  knowledge  of 
Analytical  (Geometry  and  the  Calculus. 

There  is  no  doubt  that  in  many  ways  an  engineer  who  can 
a]:)ply  the  Calculus  would  be  master  of  many  a  situation  ;  but  it 
must  be  admitted  that  the  l:)rain  with  which  most  of  us  are  pro- 
vided is  one  fif  limited  capacity;  and  it  is  almost  a  well  known 
fact  that  the  man  who  has  his  brain  loaded  down  with  number- 
less formulae  is  usually  unable  to  apply  a  tithe  of  what  he 
knows.  We  will  adniii.  however,  that  there  are  exceptions.  It 
seems  more  reasonable,  however,  to  use  the  Calculus  as  more  of 
a  mind  trainer  than  as  a  subject  to  be  considered  seriously  in  the 
everyday  life  of  a  practical  engineer. 

The  I'^aculty  of  .\]>plicd  Science  does  not  attenii)t  to  turn  out 
machines  into  which  are  led  problems  and  out  of  which 
come  answers;  il  rather  attempts  to  turn  out  men  who  by  their 
college  education  have  become  fitted  to  handle  problems  in  a 
logical,  business-like  manner.  When  the  young  engineer  leaves 
the  life  of  school  to  enter  the  school  of  life  he  should  realize  that 
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he  has  not  a  formula  to  apph'  to  each  problem  but  better  still  a 
reasoniiii;-  brain  to  apply  to  all  problems. 

We  should  realize  as  young  engineers  that  we  cannot  all  be 
inventors  of  new  thoughts  and  methods;  other  great  minds  have 
gone  before  us  and  b}^  thought  and  research  have  discovered  and 
established  certain  facts  and  in  many  cases  compiled  them  in 
the  convenient  Hand  Book  form.  Hence,  a  close  study  of  the 
Hand  Books  on  different  subjects  would  be  of  far  greater  bene- 
fit to  the  student  than  an  attempt  to  become  proficient  in  deriv- 
ing Taylf)r's  Theorem. 

THE    STATUS    OF    THE    ENGINEER 

The  next  subject  brought  forward  is  one  which  will  no 
doubt  be  within  the  limelight  in  this  country  in  a  short  time.  It 
is  that  of  protection  by  law  of  the  Engineering  profession. 

What  is  required  is  legislation  preventing  any  one  from 
calling  himself  an  engineer  without  first  having  passed  the  exam- 
ination set  by  an  Engineering  Council  appointed  by  the  Legisla- 
ture. 

Is  there  any  more  reason  why  the  country  should  be  pro- 
tected against  incompetent  men  practicing  medicine  than 
against  incompetent  men  practicing  engineering?  AMiy  should 
the  municipalities,  the  railway  companies,  private  individuals, 
or  any  person  or  persons  who  employ  an  engineer  be  subjected 
to  loss  of  life,  property  and  money  due  to  the  incompetence  of 
the  engineer?  But  this  state  does  exist  and  always  will  exist 
until  the  status  of  the  engineering  profession  is  established. 

Again,  the  engineer  of  good  standing  must  ])rotect  himself. 
for  if  one  of  his  profession  or  one  who  presumes  to  call  himself 
an  engineer  makes  a  blunder  due  to  insufficient  knowledge,  the 
whole  profession  is  lowered  in  the  eyes  of  the  cnijiloving  ]-)ublic. 

The  matter  has  reached  sncli  a  state  al  llic  present  time  that 
all  engineering  organizations  throughout  the  countrv  should  rise 
u])  and  demand  legislation  and  should  also  see  that  the  act  is 
rigidly  enforced. 

Among  those  present  at  the  dinner  were:  "88 — C.  II.  L". 
Wright;  '89— D.  D.  James.  H.  E.  T.  Haultain  ;  '^)0— R.  A.  Ross. 
Montreal :  '91— R.  W.  Thomson  ;  '92— C.  F.  Mitchell ;  '93— A.  F. 
Macalluni.  A.  L.  McAllister,  W.  j.  Francis;  '95— A.  \\'.  Connor; 
'99— W.  A.  Hare;  '00— W.  !■.  Evans.  F.  W.  Thorold  ;  '03— S.  B. 
Wass;  '0^ — E.  Wade.  W  .  (i.  McFarlane;  '03— T.  R.  London. 
\V.  G.  Swan;  '06— C.  W.  Hamilton.  C.  .^.  Hundass.  \\  Barber. 
1).  E.  Bcynon.  F.  M.  I'.yam.  J.  ().  Roddick.  J.  C.  Armer.  W".  L. 
.\mos.  E.  M.  Wood. 


C.  C.   Forward.  '0().  has  been   appointed   to  the  staff  oi  the 
)oniiiii(in  Analxsi.  at   (  )tlawa. 


WANTED — A    (pialitied    (  ).    L.    S.     and    two    experienced    Inish 
transit    men.     Ajiply    11.  'V.   Roiuley.   1  lail(.-yl)ury.  (  )iit. 
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THE  CANADIAN  SOCIETY  OF  CIVIL  ENGINEERS. 

The  University  of  Toronto. 

Dean   Galljraitli. 

^[ontreal,  Jan.  6th.  1909. 
My  Dear  Mr.  ]\IacKenzie:  — 

In  connection  with  the  coming  Annual  AJeeting  of  the  Can- 
adian Society  of  Civil  Engineers,  I  would  suggest  that  "Applied 
Science"  say  some  vcr}-  important  things  in  the  January  number 
and  say  them  in  the  most  pointed  language  at  your  command. 
For  this  event,  to  which  we  arre  all  looking  forward  with  much 
interest,  committees  are  working  and  individuals  are  working. 
Applied  Science,  however,  stands  in  a  \  cry  dififerent  relation  to 
the  great  bod}^  of  students  and  graduates  from  that  occupied  by 
committees  and  individual  members  who  must  necessarily  work 
by  themselves.  A])])lied  Science  speaks  to  all  and  on  this  occa- 
sion it  should  speak  with  no  uncertain  sound.  This  Annual 
Meeting  of  the  Canadian  Society  of  Civil  Engineers  will  be  one 
of  the  most  important  in  the  history  of  that  organization. — an 
organization  Avhich  may  easily  lay  claim  to  being  the  most  im- 
portant scientific  body  in  the  Dominion  of  Canada  to-day.  To 
it  practically  all  the  engineers  of  this  great  Dominion  belong, 
and  the  leading  engineers  of  Canada  will  be  at  the  meeting.  The 
chief  officer  of  this  important  body  is  our  honored  Dean.  The 
students  and  graduates  of  the  Faculty  of  Applied  Science  and 
Engineering  of  the  Universit}'  of  Toronto  owe  it  to  the  Society, 
to  the  University  and  to  Dr.  Galbraith  to  make  the  coming  meet- 
ing an  event  which  will  long  be  remembered  with  pleasure  by  all 
who  may  ha\'e  the  opporunity  to  attend. 

The  .\nnual  Meeting  arranged  for  the  28th.  29th  and  30th 
instants,  is  the  only  the  second  that  has  1:)een  called  outside  of 
headquarters  of  the  .Society  at  Montreal.  On  the  former  occa- 
sion in  1906  the  first  outside  annual  meeting  was  an  unqualified 
success.  The  next  meeting  should  be  and  will  be  a  still  greater 
success,  and  it  is  indeed  gratifying  to  note  from  the  official  pro- 
gramme that  the  members  of  the  Canadian  Societ}-  of  Civil  En- 
gineers are  to  be  entertained  Ijy  the  undergraduates  at  the  great 
school  reunion  on  the  28th  inst.  "Iliis  is  "Toronto's"  onjiortun- 
ily.  It  has  been  my  good  fortune  for  many  years  to  have  the 
])ri\  ilege  of  attending  meetings  at  the  headquarters  of  the  Soci- 
ety, and  to  have  observed  with  great  pleasure  the  manner  in 
which  McGill  has  thrown  itself  into  the  work  of  that  organiza- 
tion. The  high  standard  of  the  Canadian  Society  of  Civil  En- 
gineers to-day  is  largely  due  to  the  unstinted  labors  of  many 
connected  with  the  staff  of  the  great  Montreal  I'nivcrsity. 
McGill  has  done  what  she  ought  to  have  done  and  she  has  left 
undone  those  things  she  ought  not  to  have  done  and  her  efforts 
are  appreciated.  The  coming  occasion  will  be  T-o-r-o-n-t-o's 
first  oi)portunity  to  show  her  regard  for  the  Canadian  Society  of 
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Civil  Engineers  and  assert  herself  in  the  e3'es  of  the  engineering 
profession. 

The  occasion  has  still  greater  interest  for  the  S.P.S.  men. 
Our  honored  Dean  will  preside  at  the  Society  meetings  in  his 
capacity  as  President,  and  at  the  close  he  will  hand  the  reins  of 
office  to  a  worthy  successor.  An  unusual  ojiportunity  is  thus 
afforded  to  all  "School"  men  to  show  to  Canadian  Engineers  and 
to  the  world  at  large  in  a  very  tangible  way  how  highly  they 
esteem  and  revere  that  man  ^vhose  name  is  dear  to  every  one  of 
us.  Xo  truer  heart  e\er  heal  in  human  hreast.  Xo  better  friend 
ever  existed  than  he.  Let  us  show  our  hand.  The  name  Gal- 
braith  will  go  down  to  history  as  haxing  occupied  one  of  the 
high  places  in  engineering  education  and  it  is  gratifying  to  think 
that  he  is  yet  in  his  prime  to  appreciate  the  position  he  holds  in 
the  hearts  of  his  students  and  his  graduates,  and  the  esteem  in 
which  he  is  held  by  the  ])rofession  generally. 

I  wish  you  would  ])oint  out  also  the  importance  of  the  con- 
tinual attendance  at  every  meeting  of  the  coming  Convention  of 
every  member  of  the  School  staff  connected  with  the  Canadian 
Society  of  Civil  Engineers.  This  may  seem  at  first  a  difficult  to 
thing  to  do,  but  the)'  should  bear  in  mind  that  a  great  number  of 
men  will  be  present  from  all  ]iarts  of  Canada  at  great  expense  to 
themselves,  and,  in  comparison  with  these,  the  staff  members  are 
under  no  expense  whatever.  The  opportunity  has  never  occurred 
before  in  such  a  broad  way.  It  may  never  occur  again.  They 
owe  it  to  themselves,  to  the  Society,  to  the  School  and  to  the 
Society's  President  to  follow  this  suggestion. 

If  time  would  permit,  I  should  like  to  say  a  word  to  the 
graduates  of  the  School  ct)ncerning  their  connection,  or.  rather 
lack  of  connection,  with  the  great  professional  engineering  body 
of  Canada.  There  is  altogether  too  niucli  indifference  on  the 
part  of  Toronto  Engineering  graduates  toward  the  Canadian 
Society  of  Civil  Engineers.  Comparatively  speaking,  very  few 
apj)Hcations  are  put  in,  and  too  many  of  those  who  !ia\e  attair.ed 
the  grade  of  Associate  mem'hershi])  are  content  to  remain  in  that 
class  after  they  are  long  fitted  to  rank  as  full  members  in  which 
grade  they  would  he  welcomed  l)y  the  Society.  There  is  no 
reasonable  e.xcuse  for  this.  I 'ranches  of  the  organization  exist, 
one  might  say — from  ocean  to  ocean.  In  their  own  behalf  and 
in  behalf  of  the  profession  the  graduates  should  take  an  active 
interest  in  the  Society's  affairs.  Connection  with  the  Society  is 
a  privilege  and  an  honor  all  should  covet. 

In  conclusi(Mi,  let  me  again  say  that  \du  cannot  point  out 
too  strongly  llic  inuioiMance  of  "TonMUo"  asserting  herself  bv 
interest  and  attendance  at  the  coming  annual  convention.  The 
parties  concerned  are  a  great  jM-ofessional  body,  a  great  academi- 
cal body  and  a  Ljreat  man— the  Canadian  Society  of  Civil  Engi- 
neers, the  l'ni\ersity  of  Toronto  and  b^hn  Galbraith. 
\'ours  sincereh-. 

W  \1.T]<:R   1.   l-RAXCIS. 
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APPLIED  SCIENCE  DINNER. 

A.  D.  LePAX.  B.A..  Sc. 

On  the  evening  of  Friday,  Jan.  31st.  1890,  the  first  annvtal 
dinner  of  the  Engineering  Society  of  the  then  School  of  Practical 
Science  was  held  at  the  Hub  where,  in  all.  54,  including  guests. 
Faculty,  graduates  and  undergraduates,  formed  a  company  who 
though  optimistic  to  the  fullest  degree,  little  dreamed  to  just 
what  proportions  this  little  affair  might  grow. 

Twenty  years  later  some  of  the  same  men  and  a  "few"  others 
sat  down  to  another  dinner  held  by  the  same  Society  of  the  now 
Faculty  of  Applied  Science  of  the  University  of  Toronto.  Before 
going  further  some  may  ask :  why  speak  of  the  dinner  of  1909 ;  for 
every  graduate  or  undergraduate  attended  it  or  should  have  at- 
tended it,  and  to  those  who  did.  every  event  of  that  evening  is 
and  will  remain  for  many  years  as  clear  as  at  the  time  of  happen- 
ing. Tn  a  large  measure  this  is  true,  but  still  there  are  those  who 
were  unable  to  be  j^resent.  though  perhaps  deeply  interested  in 
the  Society,  and  to  these  and  to  posterity  we  owe  some  record  of 
one  of  the  evidences  of  the  admission  of  this  Faculty  to  its  proper 
place  in  the  University  and  of  its  immeasurable  influence,  wielded 
through  its  graduates,  in  every  phase  of  national  life. 

Many  circumstances  this  year  tended  to  make  this  the  larg^ 
est  dinner  and  most  noteworthy  social  function  ever  held  in  con- 
nection with  Ap|)lied  Science  in  the  University  of  Toronto.  First, 
there  is  that  exuberant  and  deeply  rooted  spirit  of  loyalty  which 
every  School  man  bears  to  his  University  as  evidenced  by  his 
attitude  towards  his  Alma  Mater,  its  Faculty  and  all  associations 
connected  with  them.  In  the  days  of  the  "Ink"  age  this  spirit 
was  manifest  in  the  readiness  and  eagerness  with  which  he  cul- 
tivated his  artistic  sense  at  the  expense  of  his  opponents,  but 
to-day.  through  assimilation,  this  much  al)used  fluid  of  other  days 
flows  through  saner  channels  tracing  on  its  course  an  indelible 
record  of  growth  substantial  and  lasting,  of  ajipreciation  genuine 
and  sincere  and  of  acknowledgment  of  our  greater  responsibility 
and  privileges  through  this  growth. 

Then,  too,  the  Canadian  Societv  of  Civil  Engineers  met  in 
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Toronto  and  the  Engineering  Society  was  fortunate  in  having  as 
its  guests  200  of  the  members  of  this  sister  society.  The  circum- 
stance was  all  the  more  auspicious  since  Dr.  Galbraith,  as  Presi- 
dent of  C.S.C.E..  delivered  on  the  evening  of  the  dinner,  his  vale- 
dictory address  dealing,  in  masterly  detail,  with  engineering  prob- 
lems of  to-day  ;  and  in  no  small  measure  was  this  dinner  intended 
as  a  personal  tribute  to  Dean  Galbraith  and  Dr.  Ellis,  two  of  the 
charter  members  of  this  Society  who  through  years  of  faithful 
and  untiring  service  have  endeared  themselves  to  each  succeed- 
ing graduating  class.  Considering  all  these  facts,  it  is  little  won- 
der that  the  advent  of  the  School  dinner  was  eagerly  looked  for- 
ward to  on  all  sides.  ' 

As  early  as  7.30  intending  diners  commenced  to  arrive,  those  jf^'^  "V/ 
of  older  years  to  be  present  at  the  Canadian  Society  meeting,  and  ''  I 
the  more  frivolous  youth  to  roam  the  corridors  which  first  re-  l^^". 
sounded  with  his  clear  and  blithesome  "Toike  Oike"  and  later 
with  his  almost  agonized  appeal  for  dinner,  for,  in  the  excite- 
ment, caused  by  the  change  from  the  short  blue  jumper,  which 
now  hangs  in  the  laboratory,  now  forms  a  missile  intended  for 
some  industrious  embryo  engineer  and  now  as  a  duster  for  the 
School  boilers  as  its  prisoner  blinkingly  treads  these  oft-explored 
passages,  to  the  silk  lined  flowing  garment,  emblem  of  social 
pleasure  and  obligation,  many  an  expectant  youth  had  forgotten 
the  commoner  things  of  life  and  now  awaited  the  o])portunity  of 
jiresenting  himself  at  the  festive  board  for  the  third  time  that 
day,  or  possibly  the  second  for  to  many  breakfast  is  often  "run 
fast"  from  bed  to  lecture.  Under  these  circumstances  it  is  recog- 
nizable that  when  the  doors  of  the  banquet  hall  were  opened  at 
9  p.m.  and  the  guests  and  more  privileged  persons  had  gained 
admission,  that  some  slight  anxiety  might  be  manifest  on  the 
part  of  the  undergraduate  body  to  satisf}'  the  natural  demands 
of  the  inner  man.  Evidence  of  this  was  obtained,  if  in  no  other 
way,  from  the  over-turning  of  a  row  of  chairs  in  Convocation 
Hall  and  the  releasing  of  a  door  from  its  normal  position  in  spite 
of  the  efforts  of  the  genial  Christie  and  our  own  "Jock."  but  soon 
the  good-natured  crowd  were  all  in  the  banquet  hall  with  the 
exception  of  about  40  who  for  lack  of  accommodation  were  forced 
to  sit  down  in  the  tiled  corridors  of  Convocation  Hall. 

The  drafting-room  transformed  into  a  bancjuct  hall  could 
hardly  be  recognized  by  the  embryonic  engineers  who  strugggle 
in  vain  to  keep  the  dread  "See  Copy"  off  their  alleged  works 
of  art  and  engineering  skill,  for  in  the  place  of  solid  rows  of  som- 
bre work  tables,  the  room  is  filled  with  long  tables  draped  for  the 
present  in  spotless  white  and  decked  with  a  profusion  of  flowers 
rarely  seen  by  the  engineer  who  with  long  bodts  and  almost 
longer  whiskers  tramps  the  wilderness,  drawing  imagin- 
ary lines,  or  who.  with  grimy  hands  seeks  to  solve  the  mysteries 
of  the  invisible  and  illusive  "'current."  Extending  the  full  length 
of  the  hall  we  have  the  guests'  table  and  on  the  wall  over  its  cen- 
tre a  huge  shield  of  welcome  draped  with  a  ]:)rofusion  of  flags. 
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Directly  opposite  on  the  other  A\all  we  see  amid  a  mass  of  flags 
and  bunting,  a  portrait  of  Dean  Galbraith.  But  this  transforma- 
tion did  not  in  the  least  seem  to  perturb  any  of  those  present 
and  soon  with  amazing  rapidity  all  w^ere  invited  to  partake  of  a 
menu  "I  am  part  of  all  that  I  have  met"  which  diverted  the  at- 
tention of  even  the  most  aesthetically  inclined  to  the  baser  yet 
essential  things  of  life.  During  the  serving  of  an  excellent  repast 
the  sense  of  humor  of  the  man.  who  had  not  partaken  of  the 
necessaries  of  life  since  his  regular  noon-day  struggle  with  a  so- 
called  sirloin  or  his  perhaps  indelicate  queries  as  to  the  contents 
of  the  indeterminate  Hamburg  steak,  began  to  rise;  much 
hilarity  was  indulged  in  and  as  the  meal  progressed  these  indiv- 
iduals accepted  with  the  utmost  grace  their  ice-cream  as  a  filler 
between  the  reverse  side  of  a  plate  and  the  erstwhile  spotless 
linen. 

But  all  pleasures  must  end  and  this  as  others  did,  only  to  be 
succeeded  by  pleasures  of  dififerent  forms,  for  with  the  tables 
cleared  and  with  the  man  who  believes  it  is  better  to  smoke  here 
than  hereafter  indulging,  President  Marshall,  chairman  of  the 
evening,  proposed  the  toast  to  the  King.  He  then  introduced  a 
second  toast  of  the  evening— "Canada"  and  connected  wath  its 
proposal  A.  D.  LePan  who,  in  a  brief  speech,  dealt  with  the  com- 
parisons between  the  past  and  present  in  the  engineering  history 
of  this  country,  the  transportation  problems  and  possibilities  of 
increased  activity  along  engineering  lines  as  evidenced  by  the 
prevailing  excellent  financial  conditions,  and  introduced  in  reply 
Byron  E.  Walker,  Esq.,  as  "A  man  who  fingers  wath  a  touch,  per- 
haps the  most  sensitive  in  Canada  to-day,  the  throbbing  pulse  of 
Canadian  life  and  conditions." 

In  rising  to  reply,  Air.  Walker  was  enthusiastically  received, 
and  immediately  won  the  closest  attention  and  interest  of  his 
hearers.  He  outlined  with  vigor  his  belief  that  the  voung  men 
of  to-day,  and  especially  the  engineers,  should  study  as  \ye\\  as 
develoj)ment,  a  conservation  oi  Canada's  resources  from  the 
grasping  need  of  a  world  which  is  rapidly  becoming  poor  in  the 
very  iron.  timl)cr  and  other  treasures  of  which  Canada  has  such 
stores. 

"A  great  trust  has  fallen  upon  you  young  gentlemen,"  said 
the  speaker.  "Do  not  be  proud  of  Canada  because  you  are  Can- 
dians,  but  because  the  trust  falls  upon  you  to  develop  and  con- 
serve our  wealth.  We  and  you  shall  be  judged  some  day  by  the  use 
we  make  of  it.  We  in  Canada  are  in  great  danger  to-dav.  No 
other  country  of  only  7.500,000  people  has  such  great  resources 
and  has  at  the  same  time  lying  to  the  south  the  most  profligate 
user  of  natural  resources  in  the  world  and  one  which  to-dav  has 
practically  exhausted  all  that  it  once  possessed.  Our  problem 
to-day  is  not  to  develop  Canada's  wealth,  but  to  conserve  it.  If 
it  be  true  that  in  a  comparatively  few  years  the  iron  and  timber 
of  the  United  States  will  be  exhausted,  do  you  think  that  when 
that  time  comes  we  shall  be  allowed  to  enjoy  our  own  resources  at 
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our  leisure?  The  United  States  will  turn  like  lii^htning  upon 
them  and  devour  them  as  fast  as  it  can.  So  I  say  learn  to  con- 
serve what  we  own.  If  we  do  in  future  centuries  Canada  will 
be  master  of  the  steel  trade  and  rich  in  lumber  and  water  powers. 
All  the  nations  will  have  to  come  to  her.  If  you  do  not,  if  you 
cannot  awaken  your  own  consciences  and  the  conscience  of  the 
public  to  the  menace  of  our  timber,  our  water  ways,  our  fisheries, 
and  our  farm  land  which  lie  in  the  demands  of  a  proflit^ate  age, 
you  will  have  occasion  to  glory  in  l)eing  cowards.  You  will  have 
been  false  to  your  trust." 

The  deep  interest  with  which  these  remarks  were  received 
showed  that  the  speaker  had  indeed  struck  a  responsive  chord  in 
all  his  hearers  and  had  impressed  them  not  only  with  the  glori- 
ous heritage  which  is  ours,  but  also  with  the  responsibilities 
which  ownership  of  this  trust  involves  and  with  the  fact  that  con- 
servation should  not  be  sacrificed  to  development. 

In  pro])osing-  the  toast  to  the  University  W.  1').  Ixcdfern.  '08, 
in  an  excellent  speech,  eulogistic  of  President  Falconer,  said  in 
part : 

"Speaking  on  i)ehalf  of  the  undergraduates,  the  graduates, 
and  I  believe  on  behalf  of  every  member  of  the  stafT  as  one  Fac- 
ulty among  several  others  in  tiiis  great  University,  we  hope  that 
we  may  all  be  so  harmonized  and  blended  in  spirit  and  aim.  that 
the  day  is  past  when  it  was  natural  for  one  Faculty  to  work  in 
isolation  and  aloofness  and  that  instead  even  o\er  past  prejudice, 
])ast  jealousy  and  past  traditions  we  may  have  an  interchange 
going  on  in  increasing  measure,  an  iiilerchange  that  helps  him 
who  gives  and  him  who  takes,  an  interchange  in  which  each  Fac- 
ulty is  the  gainer,  in  this  way  making  our  University  truly  one 
integral  and  unanimous  whole. 

"The  interests  of  education  are  in  these  days  so  closely  bound 
together  that  a  gain  anywhere  is  a  gain  everywhere  and  the  feel- 
ing which  imites  tmiversities  in  all  parts  of  the  world  bv  com- 
mon interest  in  tb.e  adxanccnient  and  dissemination  of  knowledge 
i;i  growing  stronger  year  by  year.  As  one  university'  in  the 
great  sisterhood  of  universities  in  Canada,  we  ho])e  that  we  may 
all  be  so  refined  in  spirit  and  aim,  that  we  may  be  the  embodiment 
of  an  ideal  which  will  eventually  give  to  this  voung  and  fair  do- 
minion the  noblest  and  truest  typ^e  of  citizenship  and  that  it  may 
truly  be  saifl  of  ns  that  we  are  discharging  our  duties  and  mea- 
suring up  to  run  resjionsibiliiies,  in  other  words,  gentlemen,  if 
weighed  in  the  balance,  we  hope  we  shall  not  be  found  wanting." 

From  the  rece])tion  tendered  to  President  l-'alconer.  who  re- 
plied to  this  toast,  there  can  be  no  doubt  as  to  the  respect  and 
esteem  with  which  he  is  held  by  the  graduates  and  undergradu- 
ates of  the  University  of  ToroiUo.  Cheer  after  cheer  greeted  the 
speaker  and  it  was  only  to  sing  the  parodv 
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F-A-L-C-0-N-E-R-! 

That's  the  way  you  siK-ll  his  name. 

Astray  you  can't  go  far, 
When  you  hear  it, 
How  we'll  cheer  it, 

E\crv\vhere  we  are. 

F-A-L-C-0-N-E-R-! 

flashed  on  the  screen  that  anyone  desisted.  It  is  fortunate  that 
such  demonstrations  do  occur  for  there  are  times  when  in  a 
moment  of  thoughtlessness  the  action  of  the  undergraduates 
belies  his  thoughts  and  respect  apparently  finds  no  place  in  the 
category  of  his  attainments.  But  this  reception  rang  true  and 
clear  and  was  indeed  a  tribute  to  the  man  who  by  his  fairness,  his 
masterly  control  and  scholarly  attainments  has  in  so  short  a  time 
endeared  himself  to  the  University  of  Toronto.  After  this  spon- 
taneous reception,  T'rcsident  Falconer's  address  \vas  listened  to 
with  rapt  attention. 

President  Falconer  has  since  coming  to  Toronto  shown  him- 
self to  be  one  of  the  happiest  speakers  we  have.  He  always 
speaks  briefly  and  he  always  has  something  to  say  that  his  hear- 
ers go  away  determined  to  remember.  On  this  occasion  he  spoke 
with  his  usual  bre\-ity  and  impressiveness  urging  the  undergrad- 
uates present  to  bear  in  mind  the  advice  they  had  received  from 
Dean  Galbraith,  that  the  importance  of  the  man  has  to  be  consid- 
ered as  well  as  that  of  the  engineer  and  that  self-control  is  abso- 
lutely necessary.  He  told  of  crossing  the  ocean  a  couple  of 
years  ago  and  of  observing  the  splendid  discipline  of  the  ship 
under  a  cheerful  and  obscr\ant  captain  with  whom  he  had  several 
pleasant  conversations.  In  th.e  management  of  that  ship  every 
man  played  his  part  all  under  the  direction  of  this  one  quiet  and 
competent  man.  "The  master  of  that  vessel,"  he  said,  "was 
Captain  Scalby  who  showed  the  world  the  other  day  the  strength 
that  self-control  gives  a  man  over  himself  and  others."  Presi- 
dent h^alconer,  on  behalf  of  ihe  unixersity.  extended  a  warm 
welcome  to  all  the  graduates,  the  majority  of  whom  he  had  never 
seen,  as  they  received  their  degrees  before  his  term  of  ofifice  began. 

Then  followed  one  of  the  most  pleasant  events  of  the  whole 
evening,  the  chairman  intimated  that  Mr.  J.  L.  Morris,  the  first 
graduate  of  the  School  of  Practical  Science  was  present  and  that 
gentleman  after  dealing  in  interesting  comparisons  between  the 
School  of  the  past  and  ])rcsent  noted  that  through  all  this  growth 
and  transformation  could  be  seen  the  guiding  hand  of  men  who 
e\  en  in  his  days  had  labored  unselfishly  under  most  adverse  con- 
diti(»ns  that  their  ideal  might  be  realized.  It  was  indeed  gratify- 
ing that  these  men  should  see  their  most  optimistic  hopes  ful- 
filled and  fitting  it  was  that  those  who  had  received  so  much 
through  ])ersonal  contact  with  these  men  and  through  the  realiza- 
tion of  their  ambitions  should  be  privileged  to  show  their  appre- 
ciation.      When  he  presented  to  Dean  Galbraith  on  behalf  of  the 
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graduates  in  Science,  a  cabinet  of  silver,  enthusiasm  knew  no 
bounds.  When  the  chorus  of  "He's  a  Jolly  Good  Fellow"  and 
"What's  the  matter  with  Johnnie?"  "He's  all  right"  died  away, 
Dean  Galbraith  feelingly  thanked  the  graduates,  modestly  asso- 
ciating with  the  success  of  the  School  many  able  assistants  who 
had  worked  with  him  on  the  staff. 

In  a  happy  speech  of  eulogistic  reference,  ]\Ir.  J.  W.  Tyrrell, 
of  the  class  of  '84,  presented  to  Dr.  Ellis  a  beautiful  gold  watch 
and  chain,  also  on  behalf  of  the  graduates.  Again  enthusiasm 
arose  to  the  extreme,  and  Dr.  Ellis  did  not  belie  the  chorus  "See 
him  smiling." 

"I  never  saw  so  many  of  you  together  before."  said  Dr.  Ellis, 
when  he  arose  to  speak.  "Things 
have  changed"  greatly  since  some 
of  you  went  away.  Reform  is  in 
the  air.  They  are  even  discuss- 
ing the  ideal  lecturer.  When  1 
look  at  the  portraits  of  these  ideal 
instructors,  I  feel  very  low  spirit- 
ed because  I  know  that  I  am  not 
looking  into  a  mirror."  Dr.  Ellis 
then  went  on  to  say  that  he  con- 
sidered the  next  step  in  the  march 
of  progress  would  be  the  ideal 
student.  "The  ideal  student."  he 
said,  "will  consider  ink  as  a 
means   of    transmitting    thought. 


Dean  Galbraith  was  presented  with  a  cabinet  of  Silver 
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not  as  an  agent  for  decorating  his  fellow  beings,  he  will  look 
upon  snow  as  a  wonderful  form  of  water  rather  than  a  missile. 
His  taste  for  music  will  be  so  cultivated  that  he  will  not  convert 
the  furniture  of  the  lecture  room  into  sounding  brass  and  tinkling 
cymbal."  The  speaker  then  turned  the  drift  of  his  conversation 
in  his  usual  happy  manner,  "but  I  find  that  that  student  is  al- 
ready here,"  he  said.  "He  is  the  man  who  goes  ovit  and  wins 
fame  and  riches  in  his  profession  and  then  comes  back  and  gi\-es 
most  of  the  credit  to  his  old  teachers." 

After  the  presentations  the  spirits  of  the  audience  were 
raised  to  such  a  pitch  that  they  felt  it  necessary  to  have  a  song 
from  Hugh  Ritchie.  Accordingly  the  big  fellow,  in  spite  of  his 
struggles,  was  hoisted  on  a  table  and  kept  there  until  he  rendered 
three  stanzas  of  "Stop  your  tickling,  Jock,"  in  the  most  approved 
style  to  the  great  delight  of  all  present. 

The  chairman  then  called  on  P.  R.  Brecken,  '08,  to  propose 
the  toast  to  "Our  Guests."  He  spoke  of  the  privileges  of  enter- 
taining such  distinguished  guests  as  the  Members  of  the  Can- 
adian Society  of  Civil  Engineers,  and  of  the  intimate  relation 
of  the  Engineering  Society  as  a  feeder  to  the  more  mature  Soci- 
ety. The  importance  of  the  engineer  in  moulding  the  destinies 
of  this  country  was  emphasized,  for  on  him  as  much  as  on  the 
financier  depends  the  support  accorded  by  the  investing  public. 
Upon  his  good  judgment  and  ability  are  often  dependent  the  lives 
of  hundreds  of  human  beings,  not  to  mention  the  safeguarding  of 
thousands  of  dollars.  In  the  matter  of  reports  he  must  be  a  man 
whose  one  idea  is  to  serve  in  the  most  efficient  manner  or  he  will 
often  be  influenced  to  make  his  power  subservient  to  the  selfish 
interests  of  the  few. 

Mr.  George  A.  Mountain,  Chief  Engineer  of  the  G.T.P.  and 
President-elect  of  the  C.S.C.E.,  in  reply,  referred  to  the  develop- 
ment in  the  profession  and  emphasized  the  importance  of  main- 
taining that  high  standard  so  essential  in  the  varied  interests  of 
engineering.  He  also  referred  to  the  gratifying  growth  of  the 
Society  and  spcA-e  in  optimistic  terms  of  its  future. 

Mr.  Kennard  1  homson,  one  of  the  founders  of  the  Engineer- 
ing Society,  introduced  by  the  chairman  as  a  Scotchman,  sjioke 
very  ha])ply  about  the  growth  of  the  School  and  the  pleasure  that 
visits  of  a  nature  such  as  this  afforded  the  older  graduates.  He 
spoke  l)riefly  of  the  formation  of  the  Engineering  Society  and 
stated  how  utterl}-  impossible  it  would  have  been  to  have  formed 
a  Society  "but  for  the  encouragement  and  guiding  hand  of  that 
incomparable  man.  Dean  Galbraith."  He  also  spoke  in  a  highly 
complimentary  vein  in  regard  to  the  work  of  Dean  Galbraith  on 
the  Bridge  Commission  and  deplored  the  fact  that  in  New  York 
for  some  of  the  investigations  then  under  way.  commissions  of 
such  a  calibre  had  not  been  appointed.  As  a  School  man,  now 
resident  in  New  York,  he  spoke  in  no  uncertain  terms  of  the 
esteem  in  which  our  engineers  are  held  and  the  reception  accord- 
ed to  Canadian  engineers  who  decided  to  desert  their  native  land 


Geo.  A.   Mountain,  C.h. 
President  Klect  Canadian  Society  Civil  Engineers 

Court I'sy  of  "I'oiislrui-tlon." 


and  cast  i'l  t'leir  for- 
tunes with  those  of 
the  neighboring  Re- 
])ublic.  ■'  Another 

reason  why  Cana- 
cHans  are  Hked  in  the 
States  is  because 
they  are  always  loy- 
al to  the  land  of  their 
l)irth,  to  the  land  of 
their  adoption,  and 
to  the  Anglo-Saxon 
race."  In  closing. 
Mr.  'fhomson  ex- 
ten.ded  a  most  cor- 
dial invitation  to  all 
to  visit  his  office 
when  in  New  York. 
lor  "we  are  always 
glad  to  see  Can  a 
dians." 

R.  A.  Sara.  '09,  in 
a  luuiiorous  and  en- 
tertaining speech, 
proposed  the  toast 
"To  Our  Graduates." 
In  a  happily  used  il- 
lustration from 
Mark  Twain  he  em- 
phasized the  need  of 
scientific  training, 
and  as  an  ex'idence 
that  this  I-'aculty  is 
al)ly  meeting  the  de- 
mands made  upon  it. 
indicated  with  pride 
ilic  graduates  pres- 
ent, who,  endowed 
with  the  engineering 
knowledge  obtained 
at  the  School,  had 
gone  forth  and  in  a 
world  of  men  are  do- 
ing men's  work.  He 
.'Jso  expressed  the 
liope  that  the  under- 
graduates w  (1  u  1  d 
maintain  the  high 
standard  set  in  engi- 
neering )iractice. 


APPLIED  SCTEXCE  DIXXER 


147 


A  high  tril)ute  was  paid  to  Mr.  C.  H.  Mitchell,  who  replied, 
for  although  late  his  \cry  interesting  address  was  listened  to  with 
close  attention.  He  spoke  \^ery  entertainingly  of  the  first  En- 
gineering Society  dinner  and  showed  a  slide  of  the  menu  used  on 
that  occasion,  which  is  given 
below.  His  speech  is  gi\'en  in 
full  elsewhere.. 

Mr.  L.  E.  Jones.  '11.  in  a 
])rief  speech,  proposed  the  toast 
to  "Sister  Institutions,"  and  af- 
ter replies  by  different  repre- 
sentatives, the  company  sang 
the  National  Anthem  and 
broke  up  about  1.30  a.  m. 
During  the  evenihg  musical 
numbers  were  rendered  in  ex- 
cellent style  by  an  octette,  com- 
posed of  Messrs.  W.  C.  Black- 
wood, A.  A.  Kinghorn,  J. 
Stuart,  H.  Stuart,  W.  Boulton, 
J.  Craig,  J.  McKinnon,  A. 
Sedgewick,  and  by  Messrs.  F. 
H.  Chestnut,  E.  V.  Chestnut, 
A'.  S.  Chestnut,  H.  F.  Secord 
in  an  orchestra  with  W.  C.  Col- 
lett  as  ]:)ianist  and  C.  E.  Bush 
as  cnnductor. 

This  feature  was  indeed  a  most  acceptable  contribution  to 
the  evening's  enjoyment,  as  evidenced  by  the  unstinted  applause 
accorded  the  rendering  of  each  selection.  Needless  is  it  to  say,  that 
in  every  respect  the  dinner  was  an  luiqualified  success  and  too 
much  credit  cannot  be  given  to  the  Committee  who  so  ably  assist- 
ed by  Professor  C.  H.  C.  ^^'right  and  Mr.  T.  H.  Hogg,  demon- 
strated the  feasibilitv  of  a  function  of  such  magnitude. 


T.  K.  Thomson 


Vvv-t.  tJcl-t^_jL_«jc 
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THE  ENGINEERING  GRADUATES— A  RETROSPECTION 


CHARLES  H.  MITCHELL.  CE.   (Tor.),   92. 

The  reunion  of  graduates  of  the  School  of  Practical  Science 
and  of  the  Univer.sity  in  engineering  at  the  recent  banquet  was 
an  occasion  to  afford  considerable  retrospection.  Perhaps  the 
term  and  process  of  introspection  might  also  be  included  as  part 
of  the  operation  of  interviewing  and  inspecting  ourselves  as  we 
hundreds  of  graduates  of  the  past  quarter  century  came  together 
from  the  four  quarters  of  the  Dominion. 

During  the  few  days  of  the  reunion  and  the  hours  of  the 
banquet  itself,  the  numerous  groups  of  graduates  intent  upon 
each  other  after  long  separation,  betokened  the  sifting  out  of 
many  years'  aggregate  of  experience  and  happenings.  P>v  the 
end   of   the   i)eri()d    the   sifting  process   was    well   advanced,   the 
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sizing  and  the  classification  of  ihe  \  arious  experiences  being  so 
complete  that  one  so  inclined  could  begin  to  find  real  mathe- 
matical laws  and  in  some  cases,  almost  actual  formulae,  by  which 
the  various  graduates'  work  could  be  represented.  That  sounds 
academic  perhaps,  but  there  is  "but  little  here  below"  that 
modern  engineers  cannot  reduce  to  a  science  even  if  they  are 
such  vague  matters  as  the  wanderings  of  the  peripatetic  graduate. 
his  various  tastes  for  work  and  his  probable  earning  power. 

it  was  with  some  half  formed  notions  along  these  lines  that, 
when,  l)eing  honored  with  the  reciuest  that  T  reply  to  the  toast  of 
the  graduates  at  the  reunion  banquet,  I  assented  and  set  mvself 
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the  task  of  trying"  to  represent  the  characteristics  and  movements 
of  our  graduates  by  graphical  means.  The  novelty  of  this  was 
my  sole  excuse  for  adopting  such  a  means  of  delivering  an  after- 
dinner  speech.  The  use  of  the  lantern  slide  and  screen  as  a 
medium  of  after-dinner  speaking  will,  I  hope,  commend  itself  to 
the  profession  by  reason  of  its  practical  features  and  its  dumb 
eloquence  so  well  adapted  for  service  by  the  "Silent  Faculty." 

If  an  apology  is  needed  for  presenting  the  various  graphical 
])roductions  which  follow  I  can  only  repeat  that  I  believe  this 
method  of  representation  will  more  readily  than  any  other,  bring 
home  to  the  university  authorities  and  to  ourselves  the  growing 
importance  of  the  Engineering  courses  in  the  University  of 
Toronto  arid  the  very  intimate  connection  between  its  graduates 

l/Atl¥£ftS/Ty  Or   TofiPftTO 
Pasi  r/ortS  /^£lo  3r  Oj^/iou/)  res  /n  £rtc"*^f'f/rvc 
/Is  /a-  r^/C/?  /3oa 
Ot^ou/ir/n6  Pnttf/ot/s  7b  Y^/)/i  /300 


No.  4 

and  the  vast  country  wliich  we  arc  all  so  busily  engaged  in 
developing. 

The  broken  line  shows  the  aggregate  number  of  graduates 
up  to  any  year  while  the  full  line  shows  the  number  of  under- 
graduates in  attendance  in  that  ])articular  year.  The  former  is 
always  increasing,  the  latter  may  vary.  Note  the  extraordinary 
coincidence  of  the  increase  of  students  in  attendance  at  the  same 
rate  and  number  as  the  graduates.  This  shows  the  rapid  growth 
(if  the  faculty. 

Tlu'  i)crccntagc  of  graduates  finding  employment  in  Canada 
as    llu'   years   progress.     'I'lic    curve   is   obtained   by   finding   the 
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percentage  of  graduates  as  registered  in  the  School  calendars 
from  year  to  year,  commencing  in  1884.  The  financial  depression 
of  1893  in  the  United  States  is  clearly  shown  by  the  large  per- 
centage (80)  of  graduates  who  returned  home  to  Canada  and  as 
the  better  times  came  the  percentage  remaining  rapidly  decreased 
until  late  years  when  it  is  increasing  in  a  very  marked  manner 
due  to  the  large  works  now  in  progress  in  this  country. 

Based  on  the  graduates  list  in  the  Calendar  of  1908  compris- 
ing the  734  graduates  up  to  and  including  those  of  1907. 

Based  on  the  list  in  Calendar  of  1908,  representing  235 
graduates.  Note  that  half  the  number  of  these  older  graduates 
were  engaged  in  Government  service,  practice,  executive  posi- 
tions and  as  chief  or  principal  engineers,  while  those  who  were 
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assistant  engineers  were  less  than  a  quarter  of  the  whole. 

Based  on  the  list  in  Calendar  of  1908  comprising  about  400 
graduates  between  1900  and  1906  inclusixc.  In  this  the  four 
divisions  named  in  diagram  No.  4  constitute  only  a  cjuarter  of 
the  whole  while  the  assistants  are  over  a  half. 

This  diagram  represents  a  concise  history  of  the  graduates 
in  civil  engineering  year  by  year.  The  heavy  full  line  shows 
the  number  of  graduates  in  civil  engineering  in  each  year.  The 
light  full  line  shows  the  number  of  those  of  each  year  who.  in 
1908.  were  still  engaged  in  civil  engineering  work,  the  remainder 
(i.e.,  represented  by  the  space  between  these  two  curves)  being 
either  deceased  or  in  other  pursuits  than  engineering.  The  broken 
line  sliows  the  number  of  those  deceased  or  in  other  pursuits. 
The  double  line,  or  rather  the  space  between  the  double  line  and 
the  licavy  line,  represents  those  graduates  who  were  educated 
in  other  courses  than  ci\il  engineering  but  who  in  1908  were 
engaged  in  that  branch  of  work;  note  this  large  increment  be- 
tween 1900  and  1905. 

The  fairly  uniform  number  graduatitig  in  the  civil  course 
between    ISSS   and    1894.   the   small    number   between    1896  and 
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1902  and  the  rapidl}-  increasing  number  since  1902  are  to  be  noted 
as  indicating  development  of  the  country. 

This  is  drawn  on  similar  lines  to  that  of  civil  engineering. 
This  course  was  instituted  in  the  early  90's.  It  is  to  be  noted, 
however,  that  there  has  been  a  very  remarkable  departure  of 
graduates  in  mining  from  their  specialty  between  1899  and  1905, 
most  defections  being  to  the  civil  engineering  as  indicated  in 
Diagram  Xo.  6.  This  fact  reflects  the  conditions  of  the  country 
at  that  time.  There  had  been  a  mining  boom  previous  to  1900 
which  quickly  died  out  and  only  within  the  past  few  years  has 
activity  in  this  branch  of  engineering  again  occurred.  This  is 
shown  in  the  rapidly  rising  line  at  the  end. 

This  dia2:ram  is  similarlv  constituted  to  those  of  the  other 
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branches.  The  first  graduate  in  this  course  was  in  1890  and  with 
the  exception  of  the  depression  in  1897  common  to  all  courses, 
the  number  of  graduates  has  rapidly  increased  to  the  present. 
It  is  agreeably  noticeable  that  neaily  all  graduates  in  this 
course  have  remained  engaged  in  this  branch  and  specialty  and 
that  the  deaths  and  departures  to  other  pursuits  have  been  very 
small.  The  increment  from  other  courses  between  1888  and 
1895  is  due  to  the  fact  that  in  these  earlier  years  there  was  no 
course  in  the  School  in  mechanical  and  electrical  engineering 
and  this  increment  is  composed  of  men  who  graduated  in  civil 
engineering. 

This  diagram  is  offered  for  criticism  and  discussion  with 
some  misgivings.  It  will  probably  appear  to  be  a  very  audacious 
method  of  indicating  the  dollars  and  cents  side  of  the  profes- 
sional career  of  the  young  engineer.  It  must  always  be  remem- 
bered, however,  that  the  curves  indicate  the  probable  average 
earning  power  and   that   there    are    many    exceptions   to  them. 
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exceptions  in  the  matter  of  high  salaries  and  other  emoluments 
which   are   well   known   amongst  the  graduate   body. 

These  have  been  compiled  having  regard  to  the  approximate 
earning  power  of  the  man  and  the  money  value  of  the  position 
which  he  fills.  Consultation  with  numerous  graduates  of  dif- 
ferent periods  who  are  well  acquainted  with  their  fellows  has 
formed  the  basis  of  the  general  trend  of  these  curves,  but  at  best 
they  are  of  course  the  merest  approximations,  as  no  definite 
law  can  be  deduced  especially  after  five  or  six  years  out  of 
college. 

The  mining  graduate  is  undoubtedly  the  better  paid  imme- 
diately after  graduation,  largely  due  to  his  location  and  to  the 
larger  ratio  of  his  muscle  value  to  brain  \aluc.  After  four  years, 
howexer,  the  miner  api)ears  to  \-ary  considerably  and  there  are 
instances  of  mining  graduates  of  fi\-e  or  six  years"  standing  who 
are  earning  twice  the  amount  indicated  herein  at  that  time. 

All  courses  run  fairly  parallel  the  first  two  or  three  years 
with  a  rapid  rise  in  all  in  the  second  year.  The  civil  and  electri- 
cal nuMi  run  cxcniy  side  by  side,  the  curves  alter  six  or  eiglit 
years  tending  lo  tlatten,  although  the  electrical  may  trend  up- 
wards again  with  time  as  the  graduate  gets  business  connections 
of  a  larger  horizon. 

The  mechanical  graduate  is  apparent!}-  the  most  poorly 
paid  in  the  first  six  or  eight  years,  but  after  that  period  :here  is 
every  indication  that,  as  he  begins  to  get  an  interest  in  the  busi- 
ness with  which  he  is  connected,  his  curve  rises  steadily  and, 
as  he  becomes  a  "manufacturer"  in  the  broad  sense,  it  will  doubt- 
less cross  the  other  two  cur\es.  'i'liis  is  gratifying  because  it 
is  an  incentive  to  the  young  men  tcj  follow  mechanical  engineer- 
ing ])ursuils  in  order  to  become  manufacturers  and  ilius  prox'ide 
what  this  country  is  most  in  need  of. 

ll  is  hoped  that  this  diagram  will  bring  out  considerable 
discussion  and  if  the  truth  is  to  be  told,  it  was  largely  with  this 
in  view  that  it  was  ])reparc(l. 
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HISTORY  OF  SCHOOL  OF  PRACTICAL  SCIENCE. 

W.  HODGSON  ELLIS,  M.A.,  M.B. 

Until  the  middle  of  the  nineteenth  century  no  attention  was 
paid  in  England,  and  very  little  in  America  to  the  organized 
teaching  of  science  and  in  particular  to  science  in  its  applications 
to  industry.  Up  to  that  time  chemistry  had  been  looked  upon 
only  as  a  part  of  a  medical  curriculum  ;  engineering  (other  than 
military  engineering)  was  learned  only  by  apprenticeship  ;  min- 
eralogy and  geology  were  not  taught  at  all.  The  Exhibition 
held  in  185 1 — parent  of  a  numerous  progeny — directed  public 
attention  in  England  to  the  possibilities  of  scientific  invention 
and  scientifically  directed  industry.  The  interest  so  awakened 
took  the  form,  in  the  first  instance  of  an  attempt  to  teach  elemen- 
tary science  to  the  artisan.  This  movement,  of  which  South 
Kensington  is  the  symbol,  was  called  "Technical  Education."  It 
was  begun  with  much  enthusiasm.  It  gave  rise  to  some  disap- 
pointment. The  efficiency  of  the  British  workman  was  not 
found  to  be  perceptibly  increased  by  his  listening  to  lectures  on 
technical  science  given  by  lecturers  who  often  knew  little  of 
science  and  less  of  technology.  Of  course,  much  of  the  instruc- 
tion was  of  quite  a  dififerent  character  and  excellent  work  was 
done  in  certain  cases.  On  the  whole,  hoAvever,  the  results  of  this 
popular  education  did  not  come  up  to  the  expectations  of  its  pro- 
moters. 

In  the  United  States  scientific  education  followed  the  Ger- 
man model  more  closely  than  in  England.  There  institutions 
after  the  model  of  the  German  Technical  High  Schools — that  is. 
training  schools  for  engineers  and  chemists — were  established  with 
most  satisfactory  results.  When  the  need  for  technical  education 
began  to  make  itself  felt  in  Ontario  a  commission  consisting  of 
Dr.  I.  G.  Hodgins  and  Dr.  McHattie  was  sent  by  the  Provincial 
Government  to  study  the  question  in  the  United  States  and 
Europe.  As  a  result  of  their  report  a  bill  was  introduced  in  the 
Legislature  in  1871,  by  the  Premier,  Mr.  John  Sandficld  Macdon- 
ald.  ])roviding  for  the  establishment  of  a  College  of  Technologv 
for  teaching  mathematics,  chemistry,  modern  languages,  civil  and 
mechanical  engineering,  and  drawing. 

The  bill  was  strongly  opposed  in  the  House  on  the  ground 
iliat  its  objects  would  be  better  met  by  giving  additional  aid  to 
ihc  Provincial  University:  l)ut  in  the  end  it  was  carried  and  a 
grant  of  S50.000  made  for  the  purpose  of  equipi)ing  a  building 
for  carrying  out  the  plans.  The  building  at  the  corner  of  Church 
and  .\delaide  streets,  then  occupied  by  the  Mechanics'  Institute, 
afterwards  the  Public  Library,  was  j)urchascd  by  the  Govern- 
nient  and  fitted  with  the  necessary  laboratories.  lecture  rooms 
and  drafting  rooms.  It  was  intended  to  combine  the  English 
and  American  svstems  of  technical  education  bv  tcachinjr  regular 
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students  in  en.yinccriny-  and  cliemistry  dnrin^-  the  dav,  and  giv- 
ing- lectures  to  working  men  in  the  evening.  Just  before  the 
new  building  was  ready  for  occupation,  the  Sandfield  Alacdonald 
Government  was  defeated  on  another  issue,  and  Mr.  Alexander 
Mackenzie  was  called  upon  to  form  a  new  cabinet. 

The  members  of  this  Government  had,  before  they  came  into 
power,  strongly  apposed  the  scheme,  which  was  now  left  to 
them  as  a  legacy  by  their  predecessors:  and  they  did  not  carrv  it 
out  without  important  modifications. 

At  first  only  the  evening  classes  were  organized.  To  conduct 
these  Air.  James  Loudon,  afterwards  President  of  the  University, 
Mr.  \\'m.  Armstrong,  C.E.,  and  the  writer  were  appointed  in- 
structors. The  classes,  ])articularly  Mr.  Armstrong's  classes  in 
drawing,  were  largely  attended. 

The  year  1877  marked  the  beginning  of  a  new  stage  in  the 
development  of  the  young  institution.  In  that  year  the  Hon. 
-Adam  Crooks,  Alinister  of  Education.,  vrith  the  approval  of  the 
Lieutenant-Governor  in  Council,  changed  the  name  from  "Col- 
lege of  Technology"  to  "School  of  Practical  Science,"  and  recom- 
mended the  erection  of  a  building  in  the  University  grounds  for 
the  accommodation  not  only  of  the  students  of  the  School,  but 
also  for  the  science  teaching  of  Universit}-  College  so  that  the 
School  and  the  College  might  mutually  help  each  other.  This 
plan  was  devised  by  the  Minister  with  the  advice  and  assistance 
of  the  Hon.  Air.  Justice  Thomas  Aloss,  A'ice-Chancellor  of  the 
University,  Dr.  (afterwards  Sir  Daniel)  Wilson  and  Professor 
James  Loudon. 

In  accordance  with  lliis  plan,  the  north  wing  (just  con- 
demned as  unsafe)  of  the  i)rcsent  Engineering  Tjuilding,  was 
erected;  and  it  was  opened  on  the  ist  of  October,  1878.  This 
building  contained  a  chemical  laborator}  under  the  charge  of 
Professor  Croft  to  whom  the  jM-escnt  writer  Avas  assistant.  The 
clumical  laboratories  were  in  ihc-  rooms  just  vacated  by  Air. 
.\nderson  and  Professor  Wright  and  all  the  chemical  teaching  of 
University  College  and  of  the  School  was  carried  out  there  and 
in  the  lecture  room  in  connection  with  them. 

Tile  l)asenicnt  was  occupied  bv  Professor  Chapman  as  an 
assa_\-  laboratory-.  There  was  another  lecture  room  on  the  first 
floor  and  a  drafting  room  (at  the  east  endi.  This  constituted 
the  (|uarters  of  the  I'Lngineering  Department  and  was  under  the 
charge  of  Professor  Gall)raith.  The  floor  above  was  devoted  to 
the  T^epartment  of  P)iologv  and  was  presided  over  by  Professor 
Ramsay  Wright.  Professor  Lnudon  had  a  room  on  the  ground 
lloiir.  but  all  his  teaching  was  duuv  in  the  rcuiid  tnwer  at  the 
west  of  the  main  building. 

Professor  Croft  was  Chairman  of  the  Hoard  and  Professor 
Ramsay  Wright  secretary.  The  whole  of  the  engineering  teach- 
ing, including  the  drawing,  was  done  by  l^rofessor  Gall)raith. 

In  thiise  days  the  ."^chool  of  Practical  Science  was  in  fact. 
though  not  in  name,  an  integral  pari  of  the  University.     It  was 
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supported  by  annual  grant  of  the  Legislature,  not  out  of  the  Uni- 
versity endowment ;  and  it  was  not  under  the  control  of  the  Sen- 
ate;  but  the  students  received  instruction  side  by  side  with  the 
students  of  University  College,  from  the  same  professors ;  and  it . 
was  governed  by  a  T>oard  of  whose  seven  members,  five,  includ- 
ing the  chairman  and  secretary,  were  professors  in  University- 
College. 

In  1889  there  was  another  change.  The  University  Federa- 
tion Act  was  passed  in  1887  establishing  a  University  Teaching 
Faculty,  and  removing  the  professors  of  chemistry,  physics,  min- 
eralogy and  geology,  and  biology  from  University  College  to  the 
Teaching  Faculty  of  the  University.  This  severed  the  connec- 
tion between  the  School  and  University  College.  In  October. 
1889,  the  School  of  Practical  Science  was  afBliated  to  the  Univer- 
sity of  Toronto  and  in  November  of  the  same  year  Professor 
Galbraith  was  appointed  princij^al  and  the  management  of  the 
School  was  "entrusted  to  a  Council  composed  of  the  Professors. 
Lecturers  and  Demonstrators  appointed  on  the  Teaching  Facull}- 
of  the  School." 

The  first  Council  was  com])oscd  of:  Principal  Galbraith. 
Professor  of  Engineering,  Chairman;  \\'.  II.  Ellis,  Prctfessor  of 
y\pplied  Chemistry;  L.  R.  Stewart,  Lecturer  on  Surveying.  Sec- 
retary; C.  H.  C.  Wright,  Lecturer  on  Architecture;  and  T.  R. 
Rosebrugh,  Demonstrator  in  the  Engineering  Laborator}-. 

The  University  Departments  of  Biology,  Mineralogy  aiul 
Geology,  and  Chemistry  were  now  removed  frc^m  the  School  to 
cjuarters  of  their  own. 

The  ne.xt  step  forward  was  the  enlargement  of  the  i^nginrer- 
ing  lUiilding  and  the  e(|uiprncnt  of  the  engineering  and  metallur- 
gical laboratories. 

The  diploma  of  th.e  School  of  Practical  Science  was  at  first 
gi\en  only  in  Civil  and  Mechanical  Engineering  and  .Analytical 
and  A])plied  Chemistry.  Subse(iuently  Mining  I'^ugincrring  and 
Architecture  were  added. 

In  1892  a  fourth  year  of  instruction  was  added  lo  ihe  three 
re(|uired  for  the  dij)loma,  at  the  end  of  which  the  student  might 
ol)tain  the  degree  of  B.A.  Sc.  In  1900  the  Senate  of  the  I'niversity 
passed  a  statute  ado])ting  the  School  of  Practical  Science  as  the 
I'aculty  of  .\i)plied  Science  of  the  University  of  Toronto.  In 
1901,  the  Chemistry  and  Mining  P)uilding  was  begun  and  relief 
given  for  the  time  to  the  overcicnvdcd  condition  of  the  labora- 
tories and  drafting  rooms  which  had  becoiue  serious. 

( )n  the  "^rd  of  October.  1905,  a  Royal  Commission  was  a])- 
pointed  to  encjuire  into  and  report  upon  a  scheme  for  the  manage- 
ment and  government  (^f  the  University  of  Toronto  and  L^niver- 
sity  College.  The  ;ul\isability  of  the  incorporation  of  the  School 
of  Practical  Science  with  the  Ihiivcrsity  of  Toronto;  and  certain 
other  sul)iects.  In  .\j)ril,  1906.  the  Commission  reported,  recom- 
nieiiding.  aiuong  other  thmgs,  as  follows; — 

I.  'i'he  powers  of  the  Crown  in  respect  to  the  contn*!  and 
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manag-ement  of  the  University,  should  be  vested  in  a  Board  of 
Governors  chosen  by  the  Lieutenant-Governor-in-Council. 

2.  The  Senate  should  direct  the  academic  interests  of  the 
University. 

3.  The  School  of  Practical  Science  should  be  united  with  the 
University  as  its  Faculty  of  Applied  Science  and  Engineering. 

Onthe  14th  of  May  of  the  same  year,  the  Legislature  passed 
the  University  Act  carrying  out  the  recommendations  of  the 
Commission,  clause  6  of  which  reads: 

The  School  of  Practical  Science  is  hereby  united  with  and 
shall  form  part  of  the  University  and  constitutes  the  Faculty  of 
Applied  Science  and  Engineering  thereof. 

On  the  15th  day  of  the  following  June  this  Act  went  into  force 
and  with  that  the  School  of  Practical  Science  became  de  jure 
what  it  had  always  been  de  facto — the  Faculty  of  Applied  Science 
and  Engineering  of  the  University  of  Toronto. 
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C.   H.  C.  WRIGHl".   B.A.  Sc. 

In  order  to  furnish  accommodation  for  the  teaching  of  en- 
gineering, in  accordance  with  the  proposition  of  the  Hon.  Adam 
Crooks,  the  north  wing  of  the  present  Engineering  Building  was 
erected  in  1877-78,  and  called  the  School  of  Practical  Science. 
This  building  was  heated  with  hot  air  and  the  furnaces  together 
with  their  flue  and  supply  of  coal  occupied  a  large  portion  of  the 
basement.  In  the  western  portion,  however,  there  were  situated 
the  mineralogical  and  assaying  laboratories,  over  which  Pro- 
fessor E.  J.  Chapman  presided.  The  ground  floor  was  occupied 
by  Professor  H.  H.  Croft  and  his  students  in  chemistry.  The 
western  wing  of  the  first  floor  was  also  devoted  to  chemistry, 
while  the  remaining  five  small  rooms  in  the  centre  and  eastern 
wing  were  devoted  to  engineering,  and  here  Professor  J.  Gal- 
braith  with  his  small  class  started  work  in  1878.  In  the  attic  the 
de;)artment  of  biology  was  presided  over  by  Professor  R.  Ramsav 
WVight.  Thus,  this  small  building  housed  the  departments  of 
mineralogy,  geology,  chemistry,  engineering  and  biology,  and  in 
it  were  trained  side  by  side  students  in  .Arts.  Medicine'and  En- 
gineering. 

In  order  that  the  Province  of  (  )ntari()  might  keej)  pace  with 
other  countries  in  the  education  of  the  engineer,  it  was  decided 
in  1888.  to  establish  engineering  laboratories  in  connection  with 
the  S.P.S..  in  which  might  be  studied  those  important  problems 
in  strength  of  materials,  hydraulics,  thermodynamics  and  electri- 
city, which  were  occupying  the  attention  of  the  engineering 
world.  This  rendered  necessary  extensive  e(|uipment  as  well  as 
considerable  building  acct)mmodation. 
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For  this  purpose,  the  construction  of  the  central  i)ortion  and 
southern  wing  of  the  present  Engineering  Building  was  under- 
taken immediately.  Ihis  addition  was  completed  and  first  oc- 
cupied in  the  fall  of  1890.  In  the  spring  of  this  same  year  the 
eastern  portion  of  the  Main  Building  of  the  University,  in  which 
was  situated  the  library,  was  destroyed  by  fire,  and  until  the  new 
lil)rary  1)uilding  was  erected,  the  library  was  ])rovided  for  im  the 
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top  lloor  (if  the  cvnlral  ])(irli(in  of  ihe  S.  P.  S.  Ixeading  room  ac- 
commodation was  obtained  by  building  an  exlra  story  over  the 
eastern  and  western  ])arts  of  the  jiresent  north  wing  of  the 
School. 

riradually,  by  the  erection  of  new  buildings,  the  Arts  de])art- 
nunls   were  rrnioxrd.  until   in    iS<;4.  tbe   S.l'.S.   was  de\'ote(l  en- 
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tirely  to  the  work  of  the  School.  The  Chemistr}^  and  Mining^ 
Building",  facing  College  Street,  was  completed  in  1905,  and  pro- 
vided accommodation  for  the  departments  of  chemistry,  mining, 
mineralogy  and  geology  of  the  School,  and  for  those  of  mineral- 
ogy and  geology  of  the  University.  Immediately  to  the  north 
of  the  Chemistry  and  Mining  Building  was  erected  about  the 
same  time  the  Milling  Building,  for  the  accommodation  of  that 
branch  of  Mining.  In  the  fall  of  1901,  a  small  observatory  was 
built  for  the  department  of  Astronomy  of  the  S.P.S.  This  build- 
ing was  replaced  by  the  larger  one  now  in  use,  which  provided 
in  addition  to  the  observation  room,  a  small  calculating  room. 
It  is  hoped  that  by  October,  1909,  the  new  building  to  the  east  c\ 
the  Main  Building  of  the  University  will  be  completed  and  occu- 
pied by  this  department. 

At  present  there  is  under  construction  to  the  south  of  the 
Kngineering  Building  a  laboratory  for  thermodynamics  and 
hydraulics,  which  promises  to  be  ready  for  the  work  of  the  com- 
ing session,  1909-10,  and  will  provide  excellent  facilities  for  the 
advancement  of  this  very  important  branch  of  engineering  edu- 
cation. In  addition,  it  will  also  offer  opportunities  for  researcli 
\\f)rk  along  these  lines. 

For  the  past  two  sessions  the  Second  Year  draughting  has 
been  accommodated  in  the  Examination  Hall  of  the  University, 
and  during  the  present  session,  the  Third  Year  draughting  in  the 
departments  of  Civil  and  Mining  Engineering  has  been  "accom- 
modated in  the  Phvsics  Buildine. 

it  IS  apparent  to  anyone  who  has  studied  even  casually  the 
progress  of  engineering  education,  that  thirty  years  ago  the  de- 
mands for  building  accommodation  were  very  few: —  a  lecture 
room  together  with  a  draughting  room  for  the  engineering  side 
of  the  work;  a  lecture  room  for  mathematics,  and  space  for  a 
little  chemistry  and  physics,  was  all  that  was  deemed  necessar}-. 
However,  as  the  benefits  of  education  suitable  for  the  diflferei.t 
divisions  of  engineering,  civil,  mining,  mechanical  and  electrical, 
became  apparent  to  the  world,  the  demands  for  laboratory  accom- 
modation have  increased  very  rapidly.  In  addition  to  the  in- 
crease in  accommodation  required  for  improvements  in  the  edu- 
cational requirements,  must  be  considered  that  due  to  the  in- 
creased numbers  of  students  taking  these  courses ;  and,  if  the 
University  of  Toronto  and  the  Province  of  Ontario  wish  to  main- 
tain the  good  name  won  by  the  School  of  Practical  Science,  they 
must  be  prepared  to  provide  large  additions  in  building  and 
equipment  in  the  immediate  future.  Situated  as  Toronto  is  in 
the  centre  of  the  clay  industries  (the  largest  industries  of  the 
Province)  something  should  be  done  for  Ceramics.  Electrical 
engineering  demands  the  lower  Htwrs  of  a  large  building,  and  at 
the  same  time,  the  requirements  for  the  study  of  the  strength 
and  propertic.«?  of  building  materials,  including  cement  and  rein- 
forced concrete,  must  not  be  neglected. 

President   Falconer,  writing  on  "The   Needs  dt"  the  I'niver- 
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sity  of  Toronto"  in  the  pages  of  ''The  University  ]\Ionthly,"  says : 
"The  University  has  within  a  short  time  become  one  of  the  larg- 
"  est  in  the  British  Empire  and  stands  in  the  front  rank  on  this 
"  continent."  ....  "During  the  last  two  years,  not  in- 
"  eluding  the  present,  the  ratio  of  increase  in  the  Faculty  of  Ap- 
"  plied  Science  has  been  thirty-two  per  cent.,  a  larger  proportion- 
"  ate  increase  than  in  any  other  Faculty."  .  .  .  "The  most 
"  urgent  pressure  for  accommodation  during  the  past  winter. 
"  apart  from  the  necessity  for  schools  for  the  Faculty  of  Educa- 
"  tion,  was  in  the  Faculty  of  Applied  Science.  This  Faculty  is 
"  housed  in  the  old  Engineering  Building  built  for  the  School  of 
"  Practical  Science,  and  in  the  new  Science  building  facing  on 
"  College  Street,  commonly  known  as  the  Chemistry  and  Mining 
"  Building.  These  buildings  are  not  sufficient  for  the  needs  of 
"  this  Faculty." 


Jl 


Diagram  Showing  the  Growth  in  Attendance 
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THE  NEEDS  OF  THE  FACULTY  OF  APPLIED 
SCIENCE.* 

PRESIDENT   R.  A.   FALCONER 

Unless  all  omens  fail  the  Faculty  of  Applied  Science  will 
soon  become  the  second  in  size  in  the  University,  and  may  creep 
up  upon  the  Faculty  of  Arts,  though  Arts  has  such  a  lead  that  it 
will  probably  hold  the  first  place  for  many  years.  During  the 
last  two  years,  not  including  the  present,  the  ratio  of  increase  in 
the  Faculty  of  Applied  Science  has  been  thirty-two  per  cent.,  a 
larger  proportionate  increase  than  in  any  other  Faculty.  It  is 
also  worth  mention  that  a  much  larger  proportion  of  the  students 
of  this  Faculty  than  of  those  in  the  Faculty  of  Medicine  come 
from  the  city  of  Toronto.  About  a  third  of  the  whole  number 
have  their  homes  in  this  city,  the  reasons  for  which  may  not  be 
\ery    difiicult    to    discover. 

This  Faculty  has  develo])ed  healthfully  and  in  conformity 
with  the  demands  of  the  country.  Ontario  has  become  a  great 
manufacturing  province  with.out  at  the  same  time  ceasing  to 
develop  its  agriculture.  The  Agricultural  College  at  Guelph  is 
a  splendid  evidence  of  the  good  hope  that  lies  before  our  farming 
l)opulation.  For  the  other  side  of  our  life  we  also  need  leaders 
— in  opening  up  new  country  by  railways,  in  constructing  large 
works,  in  developing  mines.  For  ])roducing  men  w^ho  will  direct 
these  activities  there  is  the  Faculty  of  Applied  Science,  formerly 
known  as  the  School  of  Practical  Science. 

A  distinction  must  be  kept  clearly  in  mind.  The  aim  of  the 
h^aculty  of  .\])plied  Science  is  not  to  be  confounded,  as  is  some- 
times done,  with,  the  work  of  technical  education.  The  latter 
consists  on  the  one  hand  of  giving  artisans  and  the  youth  in 
school  instmction  in  the  scientific  princii)les  that  underlie  the 
various  trades  in  which  iliey  may  be  engaged,  and  on  the  otJier 
hand  of  instruction  in  the  princi])les  and  technique  of  the  actual 
trades.  Technical  education  is  meant  for  the  man  who,  whether 
as  foreman  or  skilled  workman,  is  engaged  in  some  trade.  And 
a  highlv  honorable  fiuiction  d«KS  this  man  perform  for  the  com- 
m(»n\vealth.  More  and  more  demand  arises  for  a  sujjply  of  such 
intelligent,  well-trained.  ca])able  men  who  take  pride  in  their 
trade.  Hiosc  men  who  are  seeking  to  direct  the  attention  of  the 
public  to  the  necessity  of  providing  this  technical  education  are 
engaged  in  a  good  work. 

in  the  Faculty  of  Applied  Science,  however,  students  are 
being  trained  wh.o  will  i)ec(>me  the  directors  of  the  works  in 
which  the  technically  trained  men  will  be  emjiloved.  They 
should  be  trained  men  of  ihe  manifold  industrial  activities  of  the 

•  This  is  one  of  a  series  of  articles  on    •  The  Netds  of  the  Iniverity  of  Toronto.  '  contrilnited 
to  the  lAivirsity  Monthly  'ly  President  Falconer. 
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country.  As  workmen  they  may  perha])s  be  actually  unskilled, 
but  they  must  know  how  the  work  should  be  done,  and  be  able 
to  detect  its  worth  and  appraise  its  value. 

The  complexity  of  our  industrial  life,  the  \-ariety  which  is 
daily  increasing-,  and  the  rapid  expansion  of  our  population,  as 
well  as  the  rise  in  the  scale  of  comfort,  will  not  only  bring  more 
students  into  this  Faculty.  l)ut  will  occasion  additions  to  the  de- 
partments taught  within  the  Faculty.  At  once  the  question 
arises,  is  there  to  be  no  limit  to  this  development?  Are  we  to 
keep  on  adding  new  departments  indefinitely?  We  have  not  as 
yet  gone  far  beyond  the  ordinary  i:)ranches.  the  object  of  the  Fac- 
ulty having  been  to  lay  deeply  and  well  the  principles  of  science 
by  means  of  concrete  applications  of  these  principles  in  the  few 
leading  departments  into  which  most  students  turn.  There  are 
at  present  the  departments  of  Civil  Engineering,  Mining  Engin- 
eering, Mechanical  and  Electrical  Engineering.  Architecture, 
Analytical  and  Applied  Chemistry  and  Chemical  Engineering.  As 
has  already  been  remarked,  these  have  been  established  to  meet 
the  requirements  of  the  life  of  the  Province.  The  relative  num- 
bers in  attendance  in  the  past  may  very  probably  change  in  the 
future,  as  for  example  in  mining,  as  Ontario  becomes  increas- 
ingly a  mining  province. 

In  connection  with  this  Faculty  there  is  the  pressing  need  of 
more  room.  One  of  the  best  objective  evidences  of  its  growth  is 
shown  by  looking  at  the  northern  part  of  the  old  Engineering 
building  which  was  erected  in  1878  for  the  school  of  Practical 
Science,  and  then  turning  to  the  buildings  now  used  by  this 
Faculty.  This  old  building  has  been  greatly  enlarged  but  has 
been  long  filled.  Then  came  the  new  building  on  College  Street, 
one  of  the  best  in  the  whole  group  on  the  University  grounds. 
In  the  old  building  there  are  the  departments  of  Electrical  En- 
gineering, Strength  of  Materials.  Surveying,  Drafting,  Physics 
and  Architecture,  and  at  jjresent  also  Thermodynamics  and 
Hydraulics.  In  the  new  building  are  Chemistry,  Electro-chem- 
istry, Geology,  Mineralogy  and  most  of  the  lecture-rooms  used  by 
this  Faculty.  In  its  eastern  wing  is  the  valuable  palaeontological 
museum.  The  mining  dcparlment  is  housed  in  a  building  in  the 
rear. 

Last  year  the  plans  of  the  Convocation  Hall  were  further 
enlarged  by  the  erection  m  the  rear  of  the  large  hall.  It  is 
used  for  examinations  and  also  for  drafting.  So  far  the 
Drafting  has  l)een  confined  to  the  students  of  the  second  year. 
A  large  amount  of  space  is  recpiired  for  this  department  inas- 
much as  the  ])olicy  of  the  I'"aculty  has  been  to  give  each  student 
a  desk  at  which  he  is  supposed  to  spend  all  the  time  that  he  is 
not  at  lectures  or  in  some  laborator}-.  Drafting  thus  occupies 
a  very  large  share  of  his  attention.  Hitherto  each  student  has 
had  his  own  desk,  and  unless  it  should  be  found  possible  in  some 
of  the  work  to  have  two  students  at  one  desk,  there  must  be  an 
increased  space  dexoicd  to  Drafting. 
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Until  the  new  building  for  Thermodynamics  and  Hydraulics 
was  under  way  it  was  impossible  to  draw  up  a  four  years'  course 
in  this  Faculty.  The  structure  is  to  be  ready  for  occupation  by 
the  autumn  and  with  its  equij^ment  will  provide  ample  opportun- 
ity for  this  important  side  of  Engineering.  The  removal  of  the 
Thermodynamic  department  from  its  present  extremely  con- 
gested quarters  will  allow  for  some  expansion  of  the  departments 
of  Electrical  Engineering  and  Strength  of  Materials,  though  if 
the  increase  of  students  continue  this  cannot  be  much  more  than 
a  makeshift  for  a  short  time.  According  to  the  plans  of  the 
architect  a  handsomely  designed  addition  to  the  new  Thermo- 
dynamics and  Hydraulics  laboratory  facing  on  the  main  entrance 
to  the  University  from  College  Street  will  serve  both  to  adorn 
the  approach  and  to  provide  some  much  needed  accommodation 
until  part  or  all  of  the  old  Engineering  building  can  be  replaced 
by  a  new  structure. 

In  a  Faculty  where  so  much  of  the  instruction  must  be  given 
in  laboratories  equipped  with  expensive  apparatus  or  machinery 
it  is  necessary  to  spend  money  on  buildings.  And  most  of  these 
buildings  hitherto  erected  have  been  devoted  to  departments 
already  taught  in  the  Faculty.  But,  as  has  been  stated,  new  de- 
pai  tments  must  be  originated.  With  the  development  of  the 
mines  of  Northern  Ontario  an  immense  impetus  has  been  given 
to  this  side  of  industrial  life.  Fortunately  our  mining  equi])- 
ment  is  good,  and  under  the  direction  of  Professor  Haultain,  who 
has  had  a  thorough  experience  in  mining,  we  may  reasonably 
expect  that  the  University  of  Toronto  will  have  a  large  share  in 
training  those  who  are  to  develop  the  immense  mineral  resources 
of  the  Province.  Closely  akin  to  Mining  is  Metallurgy.  There 
is  metallurgy  of  gold  and  silver,  but  more  important  for  a  I^ro- 
vince  with  large  manufactures  is  the  metallurgy  of  iron  and  steel. 
It  cannot  be  long  until  the  instruction  now  given  in  this  subject 
will  be  greatly  increased.  Other  departments  in  which  extension 
may  be  demanded  within  a  short  period  are  Architecture  and 
/\pi)lied  Chemistry.  Already  the  architects  have  approached  the 
University  with  the  object  of  getting  additions  made  to  the  de- 
partment in  the  way  of  practical  design.  In  Applied  Chemistry 
there  will  come  developments  in  the  ap])lication  of  chemical  sci- 
ence industrially.  Even  if  we  do  not  adopt  tlie  i)olicy  of  at- 
tempting to  i)rovide  for  every  branch  of  Engineering  education, 
wc  must  at  least  prepare  men  for  launching  and  guiding  those  in- 
dustrial activities  which  are  most  adapted  to  the  natural  re- 
sources of  this  Province.  All  development  of  this  kind  is  ex- 
pensive, both  for  the  undergraduate  and  the  graduate  student. 

In  considering  the  necessary  additions  to  the  statT  occasioned 
both  by  the  rapid  increase  of  the  students  and  of  the  subjects 
to  be  taught,  it  is  necessary  to  bear  in  mind  that  men  fitted  to 
develop  important  departments  of  the  Faculty  of  Applied  Sci- 
ence are  able  to  earn  good  incomes  at  present,  and  that  there 
are  also  many  opening  for  young  men  of  ability  which  will  bring 
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them  in  much  more  within  a  few  years  than  they  would  earn  in 
the  University  in  the  same  time.  And  yet  it  is  of  immense  im- 
portance for  us  to  have  men  who  have  some  training  of  a  practi- 
cal character  besides  their  academic  equipment.  Their  experi- 
ence is  extremely  valuable  in  giving  them  selective  faculty  and 
power  of  adjustment  of  theory  to  practical  necessities.  This  has 
to  be  taken  into  account  when  any  addition  to  the  staff  or  depart- 
ment is  contemplated.  While  a  few  men  will  be  content  with  a 
small  salary  in  a  university  faculty  because  the  position  is  sup- 
posed to  be  secure  and  free  from  many  of  the  difificulties  of  a 
practical  engineer's  life,  many  of  the  brightest  and  most  energetic 
minds  are  drawn  to  the  active  exercise  of  their  profession.  Some 
men  of  this  sort  are  required  in  a  faculty;  and  the  salarv  is  a  fac- 
tor that  cannot  be  neglected. 


THE   ENGINEERING  SOCIETY    OF  THE   UNIVERSITY 

OF  TORONTO 

T.  H.  HOGG,  B.A.Sc. 

The  Engineering  Society  of  the  -Faculty  of  Applied  Science 
and  Engineering  of  the  University  of  Toronto  was  founded  in 
1885.  being  known  at  that  time  as  the  Engineering  Society  of  the 
School  of  Practical  Science.  The  names  most  intimatel_\-  con- 
nected with  its  beginning  are  Messrs.  Herbert  Bowman  and  T. 
Kennard  Thomson,  who  were  undergraduates  at  that  time.  It  is 
essentially  a  student's  society  and  only  graduates  and  under- 
graduates in  Engineering  of  the  University  are  admitted  as 
ordinary  members. 

The  objects  of  the  Society  according  to  the  Constitution 
arc  : 

1.  The  enctjuraging  of  original  research  in  the  Science  of 
Engineering. 

2.  The  preservation  of  the  results  of  such  research. 

o.     The  dissemination  of  these  results  among  its  members. 

4.  Tlic  cu]ti\-ation  of  a  spirit  of  mutual  assistance  among 
the   inmibcrs   in   the  practise  of  the  profession  of  Engineering. 

Ihe  membership  of  the  Society  has  risen  steadily  in  point  oi 
iiuiuhcrs  since  its  inception.  It  began  with  a  total  membership 
(»t  about  thirt}-.  .\t  the  present  time  of  ordinary  members  there 
are  730  with  a  life  membership  of  about  the  same,  making  a  total 
of  nearly  1.500. 

l-'or  the  first  few  years  of  its  existence,  membership  for  the 
undergraduates  was  optional,  but  recently  through  the  co-opera- 
lion  of  Dean  Galbraith,  it  has  been  made  compulsory  for  all  in 
attendance  in  the  Faculty,  a  fee  of  $1  per  year  being  imposed 
anil  Collected  with  the  regular  tuition  fees. 

I'ntil  the  fall  o\  1008  meetings  were  held  each  alternate  week 
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of  the  academic  year:  that  is  from  Octol^er  until  April.  The 
Executive  Committee  then  decided  that  the  time  had  come  for 
a  division  of  the  Society,  as  the  meetings  were  becoming  too 
large  and  unwieldy,  for  good  discussions  of  the  papers  presented. 
The  constitution,  too,  had  become  inadecjuate,  not  having  been 
revised  since  the  founding  of  the  Society.  A  new  constitution 
was  therefore  drafted  and  in  this  provision  was  made  for  sectional 
meetings,  the  members  being  grouped  according  to  the  courses 
taken,  the  Civils  and  Architects,  ^Mechanicals  and  Electricals,  and 
Miners  and  Chemists  forming  three  divisions.  These  smaller 
meetings  are  held  alternate  to  the  general  meetings,  and  at  them 
pa])ers  of  more  specialized  interest  are  read.     By  this  means  a 


H.   H.  T.   Haultain 

Hirst  Sliuleiit  President  of  Society 


R.  J.  Marshall 

Pre.'^ciit  President  of  Society 


much  freer  discussion  is  obtained  and  many  more  of  ihe  under- 
graduates are  enabled  to  prepare  papers  and  deliver  them.  These 
smaller  meetings  are  presided  over  by  the  vice-presidents  of  the 
respective  sections,  and  no  business  of  a  nature  affecting  the 
Society  as  a  whole  is  transacted.  The  general  meetings  are 
reserved  for  business  and  for  topics  of  general  interest  to  the 
student  body.  .\s  a  natural  outcome  the  papers  given  at  the 
sectional  meetings  are  nearly  all  by  undergraduates  while  those 
given  at  the  general  meetini^s  are  by  graduates  and  men  promi- 
nent in  the  outside  world. 

']"he  appointment  of  a  permanent  secretary  in  the  fall  of  l'»()S 
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niarks  a  turning  point  in  the  affairs  of  the  Society.  For  a  number 
of  years,  certain  supplies  had  been  handled  for  the  students,  the 
revenue  accruing  from  the  sale  of  these  being  used  for  the 
expenses  of  carrying  the  Society  along.  This  branch  became  so 
large  that  it  was  found  necessary  to  appoint  a  secretary  who 
would  devote  his  time  to  the  ordering  and  sale  of  supplies,  and 
the  other  work  incidental  to  the  organization.  The  Society  now 
handles,  at  a  slight  increase  in  cost,  all  draughting  supplies,  etc., 
used  in  the  Faculty,  thus  aff'ording  a  great  reduction  over  the 
old  prices. 

In  its  infancy  the  question  of  funds  was  a  serious  one  with 
the  Society,  but  happily  that  worry  is  now  over.  Each  under- 
graduate in  the  Faculty  pays  an  annual  fee  of  .'^l.  This,  with  the 
income  from  the  sale  of  supplies  makes  a  sum  which  allows  of 
the  handling  of  many  departments  of  advantage  to  the  students 
and  to  the  Faculty  in  general.  Probably  the  most  important  of 
these  departments  is  the  publication  of  the  Society  monthly. 
"Applied  Science."  Before  saying  more  of  this,  we  must  trace 
its  development.  In  the  early  days  of  the  Society  the  transac- 
tions, containing  the  papers  read  at  the  meetings,  were  issued 
yearly.  The  first  volume  of  the  Transactions  was  published  in 
1886.  and  was  a  pamphlet  of  43  pages.  In  the  then  financial 
condition  of  the  body  this  was  a  serious  undertaking,  as  about 
500  copies  were  issued.  A  gradual  increase  in  membership 
together  with  a  great  development  in  enthusiasm  caused  the 
sending  out  in  1895.  of  advance  proofs  of  the  papers  fead.  for 
discussion.  This  was  too  much  of  a  forward  step  and  in  conse- 
(|uence  the  Society  was  nearly  swamped.  Eventually  it  recover- 
ed its  lost  ground  and  from  that  time  until  1906  there  was  a 
continuous  development  in  the  size  of  the  pamphlet.  The  Xo.  20 
issued  in  1906-1907  had  al)out  250  pages  and  was  verv  fulh' 
illustrated. 

With  the  di\-ision  of  the  Society  into  sections  and  the 
incrc'ased  number  of  papers  forthcoming  on  that  account,  it  was 
decided  to  change  the  ])ublication  to  a  monthly.  This  was  done 
in  1907.  and  the  monthly,  "'.Applied  Science."  was  enthusiastically 
recei\efl  by  all  the  graduates. 

At  the  present  time  "Applied  Science"  is  a  thoroughly  pro- 
gressive and  up-to-date  periodical,  not  of  interest  merelv  to 
graduates  of  the  Faculty  nor  courting  inspection  as  an  academic 
journal,  but  resting  on  its  merits  as  an  engineering  magazine. 
It  has  to-day  a  circulation  of  1.700  copies.  There  are  exchanges 
with  all  engineering  societies  and  periodicals  in  the  L'nited  States 
and  Canada.  The  articles  appearing  in  it  have  been  copied  in 
nearly  all  the  leading  engineering  publications.  "Applied  Science" 
in  its  short  life  has  done  much  towards  cementing  together  the 
graduate  feeling,  and  according  the  Faculty  the  recognition 
among  engineers  and  the  general  public  which  it  deserves. 

As  the  organ  of  the  Engineering  Societv,  and  as  an  outward 
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manifcsiation  of  what  the  Societ}-  is.  the  montlily  has  well  justi- 
iied  its  existence. 

As  the  membership  increases  and  each  year  of  added  tradi- 
tion pvits  new  enthusiasm  into  the  work  of  the  Societ}'.  one  looks 
i)ack  on  a  connection  with  the  Society  with  pride,  and  a  feeling 
.arises  that,  with  the  strong  cohesion  and  power  of  initiative 
■exhibited  by  its  executive  committees  in  the  past,  there  must 
certainly  be  a  broad  field  of  action  for  the  Society  in  the  future. 
While  it  is  true  that  its  work  is  mainly  carried  on  by  students. 
still  not  all  of  its  benefits  are  conferred  on  its  members  alone, 
and  we  hope  in  the  future  that  the  Engineering  Society  with 
its  strong,  compact  organization,  will  do  much  towards  procuring 
for  engineers  the  recognition  from  the  general  ]iul)lic  which  thev 
deserve. 
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Gentlemen,  —  Custom  in  this  Society  tlemands  of  the 
retiring  president,  whether  wisely  or  otherwise  it  is  not  for  me 
to  say,  an  address  at  the  close  of  his  term  of  office,  fortunately 
for  him  no  by-law  exists  governing  either  the  form  or  matter  of 
his  essay.  He  is  not  required  to  confine  himself  to  the  third 
person  and  has  all  the  freedom  implied  in  the  declaration,  printed 
in  every  volume  of  the  "Transactions."  that  "the  Society  will 
not  hold  itself  responsible  for  any  statements  or  opinions  which 
nia_\-  he  ad\anced  in  the  following  pages."  Answerable  thus  to 
no  one  and  confined  onl_\-  by  my  natural  lintitations.  1  jotted 
down  from  time  to  time,  by  way  of  gathering  material,  ideas  as 
they  occurred  to  me.  When  a  sufficient  number  had  accumu- 
lated to  enable  me  lo  form  a  judgment  of  their  suitabiHty  for  the 
puri)ose  in  view,  1  was  dismayed  to  find  that  my  stock  was  .shop- 
worn and  that  it  would  not  be  an  easy  task  to  work  it  into 
presentable  shape.  However,  it  was  then  too  late  to  throw  it 
away.  .After  a  period  of  severe  reflection  I  convinced  myself  that 
it  might  be  of  some  value  to  the  younger  nu'ni])ers  of  the  pro- 
fession and  that  e\en  the  seniors  might  be  interested  in  the  \iew- 
poinl  of  ait  engineering  teacher,  differing  as  it  does  in  nian\- 
respects  from  their  own.  1  decided,  therefore,  to  form  m\- 
material  into  a  paper  under  the  somewhat  hackneyed  title  of 
■"The  Engineer  and  1  lis  Work." 

In  tracing  backwards  the  history  oi  the  engineer  to  classical 
times,  two  words  stand  out  with  marked  prominence —  ////j^vj'/) 
and  iii!^ciiiii)ii.  The  root  idea  ol  tlie  lornier  is  contrivance, 
resource,  ways  and  means;  ot  the  latter,  nature,  intelligence, 
ingenuity.  The  phrase  "mechanical  genius"  describes  the  highest 
attribute  of  the  engineer,  the  control  of  mind  over  matter,  the 

*  Address  by  Dean  Galbraith.  Retiring;  President  of  the  Canadian  Society  of  Civil  Engineers, 
delivered  at  the  annual  meeting  of  the  Society  in  Toronto.  January  2-th,  iqog.  Printefl 
■with  the  permission  of  the  Council. 


power  of  bending 
the  forces  of  nature 
to  the  use  and  con- 
venience of  man. 
Idle  antiquity  of  the 
words  and  the  con- 
tinued application  oi 
their  derivatives 
down  to  the  present 
day  to  the  same  set 
of  ideas  are  exidencc 
that  the  art  and  craft 
of  the  engineer  are 
not  of  yesterday  nor 
the  outcome  of  mod- 
ern concHtions.  The 
remains  of  the  grea' 
structures  of  ancient 
cix'ilizations  —  tem- 
ples and  amphithea- 
tres, baths,  aque- 
ducts and  sewers, 
walled  cities  and 
military  roads,  are 
witnesses  to  the  gen- 
ius of  engineers 
wdiose  names  ha\e 
been  long  forgotten, 
of  men  skilled  in  sur- 
veying, k'\-elling, 
drawing,  h_\(lraulics, 
excavation  and  con- 
struction. The  en- 
trenched cam]),  the 
tunnelled  apjiroacli, 
the  haltering  -  ram, 
catapult  and  mnving 
tower  were  the  de- 
\-ices  (il  the  engi- 
uwr.  I  le  had  a  greal 
part  then  as  now  in 
the  arts  of  peace  and 
war. 

An  inscripliiiu  mh 
a  marble  altar  di-^- 
co\'eri'd  in  lS(i()  near 
Land)aese,  Algeria, 
of  date  .\.  I).  l.^J, 
contains  a  petition 
from     X'arius    Ldem- 
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ens,  governor  of  Mauritania,  to  Valerius  Etruscus,  governor  of 
Xumidia.     It  reads  as  follows : 

"Varius  Clemens  greets  Valerius  Etruscus  and  begs  him  in 
his  own  name  and  in  the  name  of  the  township  of  Saldae  to  dis- 
patch at  once  the  hydraulic  engineer  of  the  Third  Legion  Nonius 
Datus  with  orders  that  he  finish  the  work  which  he  seems  to  have 
forgotten."  The  petition  was  favorably  received  by  the  governor 
and  by  the  engineer  Nonius  Datus,  who  when  he  had  fulfilled 
his  mission  wrote  to  the  magistrates  of  Saldae  the  following 
report : 

"After  leaving  my  quarters  I  met  with  the  brigands  on  my 
way,  who  robbed  me  even  of  my  clothes  and  wounded  me 
severely.  I  succeeded  after  the  encounter  in  reaching  Saldae 
where  I  was  met  by  the  governor,  who  after  allowing  me  some 
rest  took  me  to  the  tunnel.  There  I  found  everybody  sad  and 
despondent ;  they  had  given  up  all  hopes  that  the  two  opposite 
sections  of  the  tunnel  would  meet,  because  each  section  had 
already  been  excavated  beyond  the  middle  of  the  mountain  and 
the  junction  had  not  yet  been  effected.  As  always  happens  in 
these  cases,  the  fault  was  attributed  to  the  engineer,  as  though 
he  had  not  taken  all  precautions  to  ensure  the  success  of  the 
work.  What  could  I  have  done  better?  I  began  by  surveying 
and  taking  the  levels  of  the  mountain  ;  I  marked  most  carefully 
the  axis  of  the  tunnel  across  the  ridge  ;  I  drew  plans  and  sections 
of  the  whole  work,  which  plans  I  handed  over  to  Petronius  Celer, 
then  governor  of  Mauritania  ;  and  to  take  extra  precaution  I  sum- 
moned the  contractor  and  his  workmen  and  began  the  excavation 
in  their  presence  with  the  help  of  two  gangs  of  experienced 
veterans,  namely  a  detachment  of  marine  infantry  and  a  detach- 
ment of  Alpine  troops.  What  more  could  I  have  done?  Well, 
during  the  four  years  I  was  absent  at  Lambaese  expecting  every 
day  to  hear  the  good  tidings  of  the  arrival  of  the  waters  at  Saldae. 
the  contractor  and  the  assistant  had  committed  1)lunder  upon 
blunder;  in  each  section  of  the  tunnel  they  had  diverged  from 
the  straight  line,  each  towards  his  right;  had  1  waited  a  liltle 
longer  before  coming,  Saldae  would  have  possessed  two  tunnels 
instead  of  one." 

Nonius  Datus,  having  discovered  the  mistake,  caused  ihc 
two  diverging  arms  to  be  united  by  a  lrans\-crse  tunnel  :  llic 
waters  of  the  Ain-scur  could  finally  cross  the  mountain  and  their 
arrival  at  Saldae  was  celebrated  with  extraordinary  rejoicings 
in  the  presence  of  the  governor.  \'arius  Clemens,  and  nf  llio 
engineer.  (Lanciani — Ancient  Rome  in  the  Light  oi  Modern 
Discoveries.)  We  can.  1  am  sure,  sympathize  with  our  confrere 
the  engineer  of  the  Third  Legion  in  his  difficulties,  and  rejoice 
witli  him   in  his  triumph. 

The  Romans  as  a  rule  constructed  their  aqueducts  with 
grades  approaching  those  of  our  modern  railways.  Thev  tun- 
neled mountains  and  bridged  valleys,  not,  it  must  be  remembered, 
that  thev  were  ignorant  of  the  fact  that  water  could  be  carried 
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across  valleys  in  inverted  siphons,  but  because  they  were 
unacquainted  with  the  use  of  cast  iron.  There  is  at  least  one 
instance  of  a  masonry  or  perhaps  a  concrete  pipe  constructed  by 
the  Romans  which  was  able  to  withstand  pressures  as  high  as 
ten  atmospheres. 

The  first  advance  in  engineering  after  the  time  of  the 
Romans  was  due  to  the  invention  of  gunpowder  in  the  beginning 
of  the  fourteenth  century,  or  perhaps  it  may  be  more  correct  to 
say,  to  its  introduction  into  Europe  about  that  time.  By  it  the 
methods  of  excavation  and  of  attack  and  defence  were 
revolutionized. 

The  next  great  step  was  the  introduction  of  iron  as  a  struc- 
tural material,  which  was  rendered  possible  by  the  use  of  coke 
as  a  blast  furnace  fuel  in  the  early  part  of  the  eig'hteenth  century. 
Following  the  manufacture  of  coke  iron  came  Watt's  epoch- 
making  improvements  in  the  steam  engine  in  the  latter  part  of 
the  same  century — the  separate  condenser,  expansive  action,  the 
double  acting  cylinder,  the  steam  jacket,  the  parallel  motion,  the 
throttle  valve,  the  governor,  the  water  gauge,  the  indicator,  and 
many  others.  Watt  also  conceived  and  patented  in  1782  the  idea 
of  the  compound  engine,  which  he  thus  described  :  "A  new  com- 
pound engine  or  method  of  connecting  together  the  cylinders  and 
condensers  of  two  or  more  distinct  engines  so  as  to  make  the 
steam  which  has  been  employed  to  press  on  the  piston  of  the  first 
act  expansively  on  the  piston  of  the  second,  etc."  \\'att,  in  fact, 
gave  the  world  the  steam  engine  which  exists  to-day,  the  im- 
provements made  since  his  time  being  as  nothing  compared  with 
his.  The  achievements  and  personality  of  James  Watt  cannot 
be  better  described  than  in  the  words  of  Sir  A\'alter  Scott  after 
meeting  him  in  1818 : 

"There  were  assembled  about  half  a  score  of  our  North- 
ern Lights.  .  .  .  .\midst  this  company  stood  Mr.  Watt, 
the  man  whose  genius  discovered  the  means  of  multiplying  our 
national  resources  to  a  degree  perhaps  even  be3'Ond  his  own 
stupendous  powers  of  calculation  and  combination  ;  bringing  the 
treasures  of  the  abyss  to  the  summit  of  the  earth — giving  the 
feeble  arm  of  man  the  momentum  of  an  Afrite — commanding 
manufactures  to  arise  as  the  rod  of  the  prophet  produced  water 
in  the  desert — affording  the  means  of  dispensmg  with  that  time 
and  tide  which  wait  for  no  man  and  of  sailing  without  that  wind 
which  defied  the  commands  and  threats  of  Xerxes  himself. 

This  potent  commander  of  the  elements,  this  abridger  of 
time  and  space — this  magician  whose  cloudy  machinery  has  pro- 
duced a  change  on  the  world,  the  effects  of  which,  extraordinary 
as  they  arc.  arc  perhaps  only  now  beginning  to  be  felt,  was  not 
onl\-  the  most  pnifound  man  of  science,  the  most  successful 
combiner  oi  powers  arid  calculator  of  numbers  as  adapted  to 
practical  purposes — was  not  only  one  of  the  most  generally  well- 
informed,  but  one  of  the  best  and  kindest  of  human  beings. 

There  he  stood,  surrounded  bv  the  little  band  I  have  men- 
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tioned  of  northern  literati,  men  not  less  tenacious  generally 
speaking  of  their  own  fame  and  their  own  opinions  than  the 
national  regiments  are  supposed  to  be  jealous  of  the  high  charac- 
ter they  have  won  upon  service.  2\Iethinks  I  3'et  see  and  hear 
what  1  shall  never  see  or  hear  again.  In  his  eighty-second  year 
the  alert,  kind,  benevolent  old  man  had  his  attention  alive  to 
every  one's  question,  his  information  at  every  one's  command. 
His  talents  and  fancy  overflowed  on  every  subject.  One  gentle- 
man was  a  deep  philologist — he  talked  with  him  on  the  origin 
of  the  alphabet  as  if  he  had  been  coeval  with  Cadmus — another 
a  celebrated  critic — you  would  have  said  the  old  man  had  studied 
political  economy  and  belles-lettres  all  his  life — of  science  it  is 
unnecessary  to  speak,  it  was  his  own  distinguished  walk.  And 
yet,  Captain  Clutterbuck,  when  he  spoke  with  your  countryman, 
Jedediah  Cleishbotham,  you  would  have  sworn  he  had  been 
coeval  with  Clavcr'se  and  Burle}^  with  the  persecutors  and  perse- 
cuted, and  could  number  every  shot  the  dragoons  had  fired  at 
the  fugitive  Covenanters.  In  fact  we  discovered  that  no  nox-cl 
of  the  least  celebrity  escaped  his  perusal,  and  that  the  gifted  man 
of  science  was  as  much  addicted  to  the  productions  of  your 
native  country,  in  other  words  as  shameless  and  obstinate  a 
peruser  of  novels  as  if  he  had  been  a  very  miller's  apjirentice  of 
eighteen." 

One  scarcely  knows. wdiich  to  wonder  at  most,  the  genius  of 
the  engineer  or  the  vision  of  the  poet. 

Sir  Humphrey  Davy  said  of  Watt:  "He  was  ecpially  distin- 
guished as  a  natural  philosopher  and  a  chemist  and  his  inven- 
tions demonstrate  his  profound  knowledge  of  these  sciences." — 
(Muirhead's  Life  of  James  Watt.) 

Watt  was  not  only  the  greatest  of  mechanical  engineers — 
he  was  an  expert  surveyor  and  civil  engineer  as  well.  He  spent 
several  years  of  his  life  in  making  surveys  and  reports  on  har- 
l)()rs,  docks,  canals,  water  works,  bridges,  elc.  lie  inxented  a 
(juadrant,  a  surveyor's  micrometer,  clock,  antl  other  instruments 
of  i)recision.  As  an  illustration  of  the  rate  of  pay  of  ci\il  engi- 
neers in  1770,  Watt's  charge  for  the  survey  of  the  Strathmore 
Canal  may  be  of  interest.  The  field  work  covered  43  days  for 
wliicl)  In-  charged  £80  including  travelling  and  living  expenses; 
for  the  pre])aration  of  the  rej^ort  he  was  paid  the  further  sum 
of    MM). 

The  luamilacture  of  iron  on  the  large  scale  lias  been  accom- 
panied within  the  last  thirty  years  b\-  an  enormous  expansion 
in  the  manufacture  of  Portland  cement  and  the  consecpient  return 
to  the  use  of  concrete  as  a  structural  material.  Within  the  same 
jHM-iod  the  flevelopment  of  the  dynamo  has  marked  another 
advance  comparable  in  importance  only  with  that  of  the  steam 
engine.  It  is  not  to  be  supposed,  however,  that  these  modern 
features  have  entirely  absorbed  the  energies  of  the  engineering 
and  industrial  world.  Few  of  the  ancient  arts  and  manufactures 
have  lost  their  importance.     I'hey  have  undergone  development 
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and  transformation  under  the  Hg'ht  of  modern  science  and  the 
stimulus  of  modern  conditions.  Throug'h  all  these  changes  man, 
their  author,  seems  to  survive  almost  unchanged.  The  human 
race,  civilized  or  savage,  is,  man  for  man,  very  much  the  same 
as  it  was  three  thousand  years  ago.  Xonius  Datus  had  the  full 
qualifications  for  admission  into  the  Canadian  Society  of  Civil 
Engineers.  No  one  would  recognize  any  essential  difference 
between  him  and  other  members,  except  perhaps  that  he  was 
better  educated,  being  able  to  talk  Latin. 

It  will  be  unnecessary  to  recite  to  an  audience  of  engineers 
in  any  minute  detail  the  various  fields  of  activity  now  open  to 
the  profession.  It  may  be  useful,  however,  to  attempt  a  classifi- 
cation of  the  functions  of  the  engineer  irrespective  of  the  special 
branch  in  which  he  may  be  engaged.  They  may  be  roughly 
analyzed  as  follows  : 

1.  Design — the  preparation  of  the  drawings,  specifications 
and  estimates  of  cost  for  works  not  yet  in  existence — the  study 
of  the  problem,  the  devising  of  ways  and  means — in  short,  the 
consideration  of  all  questions  affecting  the  construction  and 
efficiency  of  the  contemplated  work. 

2.  Survey  and  inspection — making  the  examination  of  exist- 
ing works  or  ground  for  the  purpose  of  determining  necessar}^ 
extensions  and  changes — laying  out  new  work — measuring  work 
done — inspection  of  materials  and  workmanship,  and  generally, 
the  superintendence  of  construction. 

3.  Superintendence  of  the  operation  and  maintenance  of 
works  in  running  condition. 

4.  Determining  and  estimating  costs  of  various  kinds. 

5.  Reporting  upon  various  physical  and  financial  features 
of  existing  or  proposed   works. 

To  successfully  perform  these  functions  the  engineer  must 
have  knowledge,  training,  experience,  judgment,  resourcefulness, 
business  capacity  and  ability  to  deal  with  men.  in  fact  the 
qualifications  which  are  necessary  for  success  in  any  line  of  life. 
It  goes  without  saying  that  he  should  be  an  educated  man  in 
the  best  sense  of  the  term.  It  has  sometimes  been  said  that  the 
engineer  should  be  forty  per  cent,  engineer  and  sixty  per  cent, 
man  ;  one  might  better  say  that  he  should  be  one  hundred  per  cent, 
engineer  and  one  hundred  per  cent.  man.  the  terms  engineer  and 
man  not  being,  it  is  to  he  hoped,  mutually  exclusive.  It  is 
necessary  that  he  should  have  a  tliorough  grasp  of  the  objects 
and  methods  of  the  promoters  and  proprietors  of  the  works  on 
which  he  is  engaged  and  be  quick  to  discern  where  expense  may 
be  saved,  keeping  the  necessary  efficiency  in  view.  It  is  not 
recpiisite  that  he  be  an  expert  mathematician,  chemist,  physicist, 
geologist,  biologist,  metallurgist,  mechanic,  accountant,  lawyer 
or  political  economist,  but  it  is  desirable  that  he  be  an  expert 
engineer.  For  this  purpose  lie  sliould  have  a  sound  acquaintance 
with  the  principles  and  possibilities  of  various  branches  of 
specialized  knowledge  in  so  far  as  they  bear  upon  his  own  work. 
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In  other  words,  he  should  have  a  clear  perception  of  how  and 
how  much  these  branches  may  aid  him  in  his  own  problems  and 
be  able  to  determine  at  any  time  to  whom  he  should  go  when 
his  own  knowledge  is  insufficient.  He  must  know  the  limitations 
of  his  own  profession  and  therefore  should  know  something  of 
the  fields  which  surround  his  own.  Often  it  happens  that  some 
particular  fence  has  almost  disappeared  and  it  becomes  difficult 
to  determine  where  the  engineer  ends  and  the  neighboring  pro- 
prietor begins.  Indeed,  it  may  be  said  that  the  fences  are 
continually  changing  so  that  the  engineer  never  can  hope  to  be 
in  the  position  of  not  requiring  to  study  non-engineering  things. 
The  training  to  be  given  in  the  engineering  schools  should  deal 
more  with  subjects  which  are  not  engineering  than  with  those 
which  are.  the  reason  being  that  the  time  for  such  training  is 
short  whereas  that  to  be  devoted  to  engineering  is  long.  Above 
all,  the  curriculum  should  be  educative,  the  student  should  be 
trained  in  clear  thinking  and  in  clear  expression.  When  he 
graduates  he  should  have  acquired  a  sufficient  knowledge  of  his 
geography  to  have  some  idea  of  where  he  is  in  the  world  in 
general  and  in  the  engineering  world  in  particular.  It  is  now- 
recognized  that  the  study  of  the  applied  sciences  has  all  the 
educational  advantages  usually  attributed  to  that  of  the  pure 
sciences.  They  involve  the  same  principles,  exercise  the  same 
faculties  and  produce  the  same  educational  results  as  the  pure 
sciences.  The  fact  that  their  objects  are  wholly  economic  does 
not  detract  from  their  educational  value  but  provides  an  addi- 
tional stimulus  to  scientific  effort.  The  term  "applied  science," 
at  one  time  suitable,  is  now  rather  misleading  in  connection  with 
the  science  taught  in  the  engineering  schools.  It  suggests  the 
idea  that  the  business  of  the  teachers  in  these  schools  is  to  train 
their  students  in  the  application  to  practical  jnirposes  of  pure 
science.  This  is  far  from  being  the  truth.  The  necessities  of 
the  practical  world  have  developed  great  bodies  of  science  with 
which  the  investigators  in  pure  science  are  more  or  less  un- 
acquainted and  are  unable  to  take  part  in,  either  in  the  way  of 
in\-cstigation  or  teaching,  on  account  of  the  natural  limitations 
<if  time,  opportunity  and  taste.  The  term  "practical"  better 
described  the  engineering  and  technical  sciences  and  the  term 
"applied"  should  be  discontinued  in  this  connection.  The  prac- 
tical sciences  are  taught  in  the  engineering  schools  and  are 
applied  by  the  engineer  in  his  work.  The  teachers  of  practical 
science  should  kec])  in  touch  with  the  requirements  of  engineers 
and  manufacturers  and  not  develop  merely  into  laboratory 
investigators  following  their  own  lines  of  thought,  indifferent  to 
where  these  may  lead.  This  is  right  and  proper  in  the  region 
of  pure  science,  but  those  engaged  in  practical  science  must  denv 
themselves  the  pleasures  of  unrestricted  freedom.  They  cannot 
afford  to  soar  too  long  in  the  clouds  but  must  return  again  and 
again  to  earth.  They  must  never  forget  that  their  only  reason 
for  being  is  the  assistance  they  give  as  educators  or  investigators 
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to  the  actual  workers  in  the  industrial  fields.  It  is  essential  for 
the  success  of  their  work  that  they  should  be  officially  inde- 
pendent of  the  teachers  in  pure  science  in  the  university  organ- 
ization. They  should  have  experience  in  engineering  work, 
not  for  the  purpose  of  teaching  it,  for  there  is  little  engineering 
which  can  be  profitably  taught  in  a  school,  but  in  order  that  they 
may  be  able  to  properly  direct  their  true  work,  the  teaching  and 
investigation  of  practical  science. 

The  engineer  is  not  simply  an  applier  of  the  sciences.  He 
comes  into  contact  with  men  as  well  as  with  things.  He  should 
understand  the  principles  underlying  commerce  and  finance,  com- 
pany organization,  cost  keeping  and  accounts.  A  financial  state- 
ment ought  not  to  be  a  mystery  to  him  nor  a  railway  report  past 
understanding.  He  should  have,  at  least,  as  clear  a  conception 
of  the  meaning  of  a  contract  as  the  lawyer  who  drafted  it.  He 
should  be  able  to  write  a  report  in  clear  and  expressive  English. 
The  engineering  schools  are  beginning  to  understand  that  these 
subjects  are  not  altogether  above  and  beyond  them,  nor  yet 
beneath  them.  It  is  true  that  an  expert  business  man  cannot  be 
trained  in  a 'school;  no  more  can  an  expert  engineer.  Business 
science,  however,  can  be  taught  just  as  successfully  as  chemistry 
or  physics.  Business  men  are  said  to  have  a  prejudice  against 
academic  training  in  business.  Engineers  once  had  a  similar 
prejudice  against  engineering  schools.  With  a  better  under- 
standing of  their  field  on  the  part  of  the  schools  will  come  a 
better  appreciation  on  the  part  of  the  business  man.  The  schools 
should  devote  their  energies  to  the  teaching  of  principles.  The 
teaching  of  practical  methods  should  be  chiefly  for  the  purpose 
of  making  the  connection  between  theory  and  practice,  thus 
clarifying  and  impressing  the  principles  on  the  student's  mind. 

One  of  the  most  difficult  subjects  in  the  curriculum  is 
English.  It  should  not  be  taught  as  are  French  and  German  for 
the  purpose  of  giving  the  student  access  to  its  literature, 
engineering  or  otherwise.  Students  can.  as  a  rule,  get  th^  infor- 
mation they  want  from  English  books  without  the  aid  of  a 
professor  of  English.  The  object  in  teaching  English  in  the 
engineering  school  should  not  be  to  give  the  student  a  grasp  of 
the  principles  underlying  the  formation  of  words  and  sentences. 
It  should  be  assumed  that  his  high  school  training  in  grammar 
is  sufficient  for  this  purpose.  The  instruction  most  necessary 
under  present  conditions  is  training  in  the  use  of  the  language. 
However,  there  may  be  a  better  way.  There  does  not  seem  to 
be  any  good  reason  why  the  course  of  instruction  in  English 
in  this  country  should  not  be  turned  end  for  end.  Why  should 
not  the  secondary  school  teach  the  boy  to  use  his  mother  tongue 
and   the   university   teach    grammar? 

(")nc  of  the  dangers  to  be  avoided  in  the  academic  course  of 
the  engineer  is  over-specialization.  It  should  be  remembered 
that  the  graduate  does  not  always  find  work  in  the  branch  to 
which   he  has   devoted  his   four  vears  of  academic   life.     If  his 


178  APPLIED   SCIEX'CE 

course,  therefore,  has  not  included  a  reasonable  number  of  sub- 
jects more  or  less  common  to  all  branches  of  engineering  he 
will  have  good  cause  of  complaint  against  the  educational 
authorities.  A  properly  educated  graduate  ought  to  be  able  by 
his  own  reading  to  adapt  himself  to  any  situation  wherein  he  may 
be  placed.  A  broad  education  is  the  best  preparation  for  special- 
ization in  after  life. 

The  academic  re(|uirements  for  young  men  entering  the 
profession  would  be  better  determined  by  the  discussions  of 
practising  engineers  than  of  any  other  body  of  men,  and  yet 
they  seem  to  have  little  or  nothing  to  say  on  the  subject.  There 
seems  to  be  something  in  the  work  of  the  engineer  which  sup- 
presses talk,  c\en  useful  talk.  This  is  very  well  in  a  wav  but 
may  be  carried  tcjo  far.  Engineers  ought  not  to  hide  their  light 
under  a  bushel  and  expect  the  world  to  reward  them  for  their 
silent  work's  sake.  The  world  is  too  busy  a  man  to  study 
engineering  and  would  perhaps  take  more  interest  in  engineers 
if  they  were  to  take  the  trouble  to  explain  things.  However,  this 
disability  is  probably  on  the  decrease  owing  to  the  inlluence  oi 
the  engineering  schools;  and  engineers  are  not  as  silent  as  they 
once  were.  They  show  signs  of  awakening  and  will  not  long 
be  content  to  act  simply  as  advisers  or  scientific  hired  men, 
indifferent  to  the  big  world  as  long  as  they  get  their  pay.  The 
engineer  of  the  future  will  force  his  ideas  of  engineering  educa- 
tion on  the  public  and  force  them  more  effectively  than  his  prede- 
cessors of  the  past  and  present. 

The  engineer  should  have  a  thorough  knowledge  of  the 
materials  with  which  he  has  to  deal.  The  laboratory  investiga- 
tions of  the  chemist,  the  physicist  and  the  biologist  have  added 
greatly  to  the  store  of  knowledge  at  his  disposal.  I.alioratorv 
results,  however,  often  reffuire  modification  in  as  much  as  the 
artificial  conditions  surrounding  them  may  dififcr  essentiallv 
Irom  the  cunditions  of  practical  work.  Thus  it  is  not  sufficient  to 
accept  materials  of  construction  sim])ly  because  they  have  passed 
the  specified  short  time  tests.  'J'he  engineer  should  know  in 
addition  as  much  as  possible  of  the  history  of  his  materials,  their 
sources,  methods  of  manufacture,  modes  of  growth,  etc. ;  without 
this  knowledge  the  rapid  examinations  in  the  laboratory  and 
testing  room  may  altogether  fail  in  their  ]Mirposc  of '  excluding 
unsuitable  materials.  Similarly  in  ci  )nstructii)n.  it  is  not  sufficient 
to  examine  the  com])leted  work  and  sec  that  it  complies  with 
certain  specified  final  conditions.  It  is  necessary  to  watch  the 
whole  i)rocess  of  manufacture  and  construction  from  the  begin- 
ning to  the  end.  In  other  words,  no  short  time  tests  or  inspec- 
tion will  relie\e  tlie  engineer  froiu  the  necessitv  of  knowing  the 
whole  history  of  his  materials  and  construction.  It  is  tliis  fact 
which  has  forced  on  the  profession  what  one  may  call  standard- 
ized materials  and  methods  of  construction  developed  from 
experience.  Xew  materials  and  new  i)rocesses  arc  wisely  looked 
upon    with    distrust    and    can    achie\c   success   onlv    after   a    long 
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period  of  trial.  The  life  of  a  structure  or  machine  is  not  only 
shortenecl  by  imperfections  of  material  and  workmanship  and 
the  corroding  action  of  the  elements,  but  by  being  subjected  to 
heavier  service  than  was  anticipated  in  the  original  design.  The 
engineer  must  therefore  combine  the  functions  of  the  prophet  and 
the  actuary  and  decide  to  what  present  expense  it  is  worth  while 
going  in  view  of  future  contingencies. 

There  is  more  or  less  doubt  in  the  minds  of  engineers  as  to 
the  degree  to  which  details  of  workmanship,  manufacture,  modes 
of  construction,  materials,  etc.,  should  be  covered  in  their  specifi- 
cations. The  only  answer  is  "that  depends."  Where  in  these 
respects  standardization  has  taken  place  and  the  engineer  knows 
that  the  results  are  good,  the  task  of  specifying  is  comparatively 
simple.  Aluch  may  be  left  to  the  contractor  and  manufacturer. 
Where,  on  the  contrary,  customary  methods  and  materials  are 
not  appropriate  to  the  work,  the  specifications  of  the  engineer 
must  be  given  in  greater  detail.  Thus  between  the  extremes  of 
simply  specifying  the  results  desired,  leaving  methods  and 
materials  to  those  who  do  the  work,  and  specifying  how  every- 
thing is  to  be  done  and  the  actual  materials  to  be  used  there  is 
wide  latitude,  and  the  medium  to  be  adopted  in  every  case 
depends  largely  on  the  general  conditions  of  available  manufac- 
turing and  contracting  skill  and  capacity.  Whatever  may  be  the 
degree  of  detail  to  which  he  may  carry  his  specifications  the 
engineer  cannot  be  relieved  from  the  obligation  of  being  well 
acquainted  with  the  current  practice  of  manufacturing  and 
contracting  firms,  and  with  the  materials  with  which  he  has  to 
deal  whether  they  be  materials  of  construction  or  obstruction. 
The  young  graduate  can  have  no  better  position  in  which  to  gain 
experience  than  that  of  contractor's  engineer. 

It  would  be  well  for  specifications  to  cover  not  only  the  work 
to  be  performed  by  the  contractor  but  also  the  data  and  assump- 
tions underlying  the  engineer's  project.  While  not  absolutely 
necessary  for  the  prosecution  of  the  work,  such  information 
would  be  useful  to  the  profession  and  for  future  reference,  not 
to  speak  of  its  effect  upon  the  engineer  himself  in  increasing 
his  sense  of  responsibility.  The  different  classes  of  drawings 
referred  to  in  the  contract  should  be  carefully  defined  in  the 
specifications,  otherwise  ambiguities  and  uncertainties  in  inter- 
pretation will  arise.  Drawings  may  be  looked  upon  as  a  species 
of  shorthand  invented  to  save  words,  time  and  expense,  and  the 
engineer  should  be  an  expert  in  reading  drawings,  and  in  writing 
them  in  such  a  way  as  to  convey  his  exact  meaning.  Correct 
drawings  and  correct  English  both  imply  a  competent  knowledge 
of  the  subject  of  which  they  are  the  expression. 

The  engineer  should  know  the  cost  of  the  work  done  under 
his  supervision,  not  merely  the  cost  to  the  proprietor,  for  that 
goes  without  saying,  but  also  as  far  as  possible  the  cost  to  the 
contractor.  Not  only  should  he  keep  in  touch  with  the  labor 
market,  but  he  should  take  an  interest  in  the  physical  and  social 
welfare  of  the  men  under  his  charge.     They  should  look  upon 
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him  as  a  friend  and  not  as  an  impersonal  being  concerned  only 
in  the  results  of  their  work.  As  between  the  contractor  and 
the  proprietor  he  must  occupy  the  position  of  an  impartial  judge 
and  not  that  of  an  advocate.  The  more  thoroughly  he  knows  his 
work  the  better  able  will  he  be  to  do  his  duty  in  this  respect,  and 
to  retain  the  confidence  of  both  parties.  His  knowledge  of  law 
and  business  should  be  sufficient  to  enable  him  to  act  harmon- 
iously with  those  in  charge  of  the  legal  and  commercial  interests 
connected  with  his  work.  In  fine  he  must  be  a  many-sided  man, 
thoroughly  acquainted  with  his  own  side  of  the  work  and  able 
to  cooperate  with  all  sorts  and  conditions  of  men. 

Engineers  are  naturally  divided  into  classes  according  to  the 
special  nature  of  their  work.  For  the  purpose  of  mutual  improve- 
ment in  their  specialties,  these  classes  form  societies,  of  which 
the  main  features  are  the  reading  of  papers,  the  interchange  of 
ideas  and  the  extension  of  personal  acquaintance.  While  these 
societies  do  a  vast  amount  of  good  within  their  own  spheres  they 
are  not  capable  of  dealing  with  the  question  of  the  improvement 
of  the  engineering  profession  as  a  whole.  The  Canadian  Society 
of  Civil  Engineers  was  formed  in  1887  with  this  object.  The 
charter  reads :  "The  Canadian  Society  of  Civil  Engineers  having 
for  its  objects  and  purposes  to  facilitate  the  acquirement  and 
interchange  of  professional  knowledge  among  its  members  and 
more  particularly  to  promote  the  acquisition  of  that  species  of 
knowledge  which  has  speciail  reference  to  the  profession  of  civil 
engineering,  and  further  to  encourage  investigation  in  connec- 
tion with  all  branches  and  departments  of  knowledge  connected 
with  the  profession,"  etc. 

The  second  by-law  reads :  "The  term  Civil  Engineer  as  used 
in  this  Society  shall  mean  all  who  are  or  have  been,  engaged  in 
the  designing  or  constructing  of  railways,  canals,  harbors, 
lighthouses,  bridges,  roads,  river  improvements  or  other  hy- 
draulic works,  sanitary,  electrical,  mining,  mechanical  or  military 
works  or  in  the  study  and  practice  of  navigation  by  water  or  air, 
or  in  the  directing  of  the  great  sources  of  power  in  nature  for  the 
use  and  convenience  of  man." 

It  must  be  confessed  after  an  existence  of  twenty-one  years 
that  the  Canadian  Society  has  not  succeeded  in  gaining  recogni- 
tion by  the  various  classes  of  engineers  in  the  country  as  the 
representative  and  authoritative  engineering  society.  Even  in 
England  the  term  "civil  engineering"  has  not  gained  full  recogni- 
tion as  embracing  all  branches  of  the  profession. 

The  "New  English  Dictionary"  edited  by  Sir  James  Murray 
and  recognized  as  one  of  the  greatest  authorities  on  the  language, 
gives  among  others  the  following  definitions  of  the  word 
engineer : 

"2b.  One  who  designs  and  constructs  military  works  for 
attack  or  defence. 

"3.  One  whose  profession  is  the  designing  and  constructing 
of  works  of  public  utility  such  as  bridges,  roads,  canals,  railways, 
harbors,  drainage   works,  gas  and   waterworks,  etc.    From    18th 
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century  also  civil  engineer,  not  in  Johnson  1775  or  Todd  1818. 
The  former  has  only  the  military  sense  to  which  the  latter  adds 
'a  maker  of  engines,'  citing  Bullokar. 

"In  the  early  quotations  the  persons  referred  to  were  probably 
by  profession  military  engineers  though  the  works  mentioned 
were  of  a  'civil'  character.  Since  2b.  has  ceased  to  be  a  promi- 
nent sense  of  engineer  the  term  'civil  engineer'  has  lost  its 
original  antithetic  force  but  it  continues  to  be  the  ordinary 
designation  of  the  profession  to  which  it  w^as  first  applied,  dis- 
tinguishing it  from  that  of  mechanical  engineer.  Other  phraseo- 
logical combinations,  as  electric,  gas,  mining,  railway,  telegraph 
engineers  are  used  to  designate  those  who  devote  themselves  to 
special  departments  of  engineering. 

'T792  Smeaton,  Reports  (1797)  I  Pref.  7.  The  first  meeting 
of  this  new  institution,  the  Society  of  Civil  Engineers,  was  held 
on  the  15th  of  April.  1793. 

"1793  Edystone  L.  Introd.  8  'my  profession  of  a  civil 
engineer.'  " 

As  Smeaton  died  in  17*^2,  the  dates  1797  and  1793  arc  prob- 
abh'  the  dates  of  publication  of  the  reports.  According  to  Sir 
Alexander  Binnie,  the  first  society  of  civil  engineers  in  England 
w^as  formed  in  London  about  the  year  1760  by  engineers  who 
were  in  attendance  at  the  Session  of  Parliament. 

It  seems,  therefore,  -that  the  term  "civil  engineer"  in  England 
dates  from  about  1760  and  that  in  the  opinion  of  the  editor  of 
the  New  English  Dictionary,  who  may  be  assumed  to  represent 
the  public,  it  applies  at  present  to  engineers  having  to  clo  with 
works  of  public  utility  such  as  those  mentioned,  but  it  is  to  be 
distinguished  from  the  term  mechanical  engineer. 

The  same  tendency  to  restriction  of  the  term  "civil  engineer"* 
exists  in  Canada  and  the  United  States  not  only  among  the 
public  but  in  the  profession  as  well.  In  all  the  great  engineering 
schools  this  tendency  is  reflected. 

1"hc  (piestion  now  arises,  is  it  worth  while  to  expend  further 
energy  in  resisting  what  appears  to  be  a  natural  tendency?  The 
only  reason  for  the  introduction  of  the  term  "civil",  was  that  the 
word  "engineer"  had  previously  been  monopolized  by  those 
engaged  in  military  w^orks ;  now  that  this  distinction  has  lost 
its  imi)ortance,  would  it  not  be  better  to  drop  the  term  "civil" 
as  applied  to  llie  whole  ]M-ofession  and  confine  il  to  the  special 
applications  justified  by  modern  custom? 

The  profession  as  a  whole  should  be  represented  in  Canada 
by  a  single  authoritative  body  somewhat  after  the  ])attern  of 
the  Medical  Council  or  the  llenchers  of  the  Law  Societv  in 
Ontario,  to  which  should  be  entrusted  the  subjects  of  engineering 
education,  qualifications  for  professional  standing,  professional 
ethics,  etc..  in  short  all  questions  of  general  professional  interest. 
It  is  only  by  the  hearty  co-o])eration  of  the  various  classes  of 
engineers  that  such  a  movement  could  succeed.  The  Canadian 
Society  of  Engineers  with  its  Council  would  thus  exercise  func- 
tions which  are  necessary  for  the  strengthening  of  the  profession 
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in  its  relations  with  the  public,  and  which  lie  outside  the  province 
of  the  special  engineering  societies. 

As  a  rule  the  engineer  does  not  come  immediately  into  con- 
tact with  the  public.  At  the  same  time  there  are  questions  of 
public  interest  in  which  he.  in  common  with  the  chemist,  the 
metallurgist,  the  biologist,  the  medical  practitioner,  the  forester 
and  others,  is  regarded  as  an  authority.  The  public  expects  the 
engineer  to  aid  by  his  advice  in  the  improvement  of  transporta- 
tion, the  prevention  of  railway  accidents,  the  abatement  of  smoke, 
the  preservation  and  improvement  of  public  health,  transmission 
of  power,  the  irrigation  of  arid  lands,  the  economical  management 
and  conservation  of  forests  and  mines,  the  improvement  of 
agricultural  soils,  the  conservation  of  river  flow,  etc.,  etc.  Such 
questions  are  matters  of  municipal  and  governmental  policy  and 
cannot  be  properly  controlled  by  money-making  corporations  or 
individuals.  Before  a  move  can  be  made  in  these  matters  a 
strong  body  of  enlightened  public  opinion  must  be  formed,  and 
who  should  be  better  qualified  for  the  task  of  stimulatmg  and 
guiding  this  public  opinion  than  the  engineer?  If  he  is  too  busy 
or  too  backward  to  undertake  this  duty  of  his  own  accord,  what 
about  the  editor  of  the  engineering  newspaper?  The  latter  is 
never  hampered  by  modesty  and  should  write  not  only  for  his 
subscribers  but  for  the  public  as  well.  He  need  not  fear  that  his 
work  will  be  lost ;  the  lay  press  will  print  his  good  articles  and 
give  him  due  credit  for  them. 

Mr.  Carnegie  is  reported  to  have  made  the  statement  that 
at  the  present  rate  of  consumption,  the  supply  of  iron  ore  (pre- 
sumably the  more  important  and  richer  ores)  of  the  United  States 
would  be  exhausted  in  forty  years  and  the  supply  in  England 
within  seven  years.  He  based  this  opinion  on  the  best  expert 
evidence  he  could  obtain.  If  this  statement  be  correct,  what  a 
prospect  does  it  not  open  for  the  vast  iron  resources  of  Canada, 
and  yet  at  the  same  time  what  a  warning  does  it  not  convey  to 
the  government  which  controls  these  resources!  In  the  United 
States  the  total  production  of  pig  iron  up  to  the  present  is 
350,000,000  tons  of  which  over  one-half  has  been  made  within  the 
last  ten  years.  The  production  of  the  world  in  1907  was 
61,000.000  tons,  of  which  the  United  States  are  to  be  credited 
with  26.000.000.  Germanv  with  13.000.000.  Great  Britain  with 
10.000.000  and  other  countries  with  11.000.000.  Canada  produced 
600.000  tons  less  than  one  per  cent,  of  the  total.  In  the  United 
States  the  acid  Bessemer  process  seems  to  have  reached  its 
maximum  output  and  in  the  future  will  rapidly  diminish  in 
importance  owing  to  the  increasing  scarcity  of  the  requisite  ores 
and  its  inability  to  use  scrap.  It  is  being  rapidh-  superseded  by 
the  basic  open  hearth  process,  which  can  utilize  ores  containing 
a  larger  percentage  of  phosphorus  and  also  all  kinds  of  scrap. 

'ilie  future  of  electric  processes  in  iron  and  steel  production 
in  Canada  will  depend  more  upon  the  cost  of  hydro-electric 
power  than  on  any  other  factor.  Closely  connected  with  the 
conserwition  of  the  iron  and  timber  resources  of  America  is  the 
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great  Portland  cement  industry,  which  has  sprung  into  import- 
ance within  the  last  twenty  years.  The  Canadian  production 
in  1907  amounted  to  2,400,000  barrels,  the  United  States  produc- 
tion to  49,000,000  barrels.  Concrete  and  ferro  concrete  will 
replace  steel  and  wood  in  construction  in  ever  increasing  quan- 
tities. As  in  the  case  of  the  electrometallurgy  of  iron,  the  cost 
of  hydro-electric  power  is  a  large  item  in  the  manufacture  of 
cement. 

The  conservation  and  regulation  of  river-flow  for  water 
power  alone,  to  say  nothing  of  transportation  and  irrigation,  is 
a- necessity  for  the  future  industries  of  the  country.  The  regu- 
larity and  volume  of  river-flow  in  its  turn  is  dependent  upon  the 
preservation  of  forest  growth,  especially  in  the  mountainous  and 
upland  regions.  Forest  conservation  in  fact  is  one  of  the  funda- 
mental conditions  of  future  prosperity.  And  so  one  might  go 
on,  and  enumerate  one  after  the  other,  various  sources  of  wealth 
and  well-being  now  extravagantly  exploited  which  demand  for 
their  wise  development  the  knowledge  and  skill  of  the  engineer. 
It  is  to  be  hoped  that  the  conferences  initiated  by  President 
Roosevelt  to  consider  the  conservation  of  natural  resources  will 
bear  fruit  in  pointing  the  way  to  practical  solutions  of  these 
national  problems.  Canada  has  already  made  a  good  beginning 
both  in  collecting  information  regarding  our  resources  and  in 
passing  legislation. 

One  of  the  most  striking  illustrations  of  modern  economic 
tendencies  is  the  increase  which  has  taken  place  in  the  voltage 
of  power  transmission  lines.  Within  the  last  twenty-five  years 
the  practicable  voltage  has  been  increased  from  1,000  to  110,000 
volts,  thus  immensely  extending  the  possible  area  of  distribution 
from  the  hydro-electric  power  plant. 

In  the  machine  shop,  complex  machine  tools,  largely  the 
inventions  of  the  mechanic,  high  speed  tool  steels,  electric  motor 
drives  and  high  class  organization  have  immensely  increased  the 
output  and  decreased  unit  costs.  The  steam  turbine,  the  im- 
proved hydraulic  turbine,  electric  lighting,  electric  traction,  the 
gas  engine,  the  great  ocean  and  lake  freighters,  the  monster  liners 
and  that  concentrated  essence  of  power,  the  niddcrn  battleship, 
have  all  come  within  the  present  generation  and  we  cannot 
predict  what  changes  in  the  application  of  power  and  machinery 
will  take  place  before  it  passes  away.  It  would  not  be  surpris- 
ing if  the  automobile  were  to  displace  electric  transportation  in 
cities  and  be  replaced  for  purposes  of  pleasure  by  the  aeroplane 
and  the  dirigible  balloon.  In  the  future,  electric  transportation 
may  be  confined  to  underground  tunnels  in  the  cities  and  largely 
replace  steam  power  on  railway  lines  through  the  country. 
Evidently  llic  end  of  the  \\i  irk  (*!'  the  engineer  is  not  vet  at  hand. 
The  inventions  of  the  present  day,  under  the  stimulus  of  science 
and  the  ever-increasing  complexity  of  life,  crowd  so  closely  upon 
us  that  it  is  impossible  to  form  a  just  estimate  of  their  relative 
values.  That  must  be  left  to  the  judgment  of  posterity  looking 
backward  tlirdugh  tlic  long  perspective  of  the  years. 
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One  of  the  first  duties  of  a  countr}-  is  to  work  up  within  its 
own  Hmits  its  raw  materials  into  the  forms  in  which  they  are 
to  be  finally  used  by  individual  consumers.  Only  in  so  far  as 
this  end  is  successfully  accomplished  will  the  manufacturing 
population  of  a  country  be  increased  and  the  cost  of  transporta- 
tion of  its  products  to  a  foreign  country,  in  comparison  with  their 
value,  be  diminished.  One  effect  of  over-production  or  decreased 
profits  is  to  stimulate  invention  for  the  purpose  of  reducing  the 
cost  of  production  and  transportation.  As  a  rule  the  first  eft'ect 
is  to  throw  labor  out  of  employment,  but  this  is  no  argument 
against  invention.  Wages  will  fall  in  any  case  owing  to  the 
failing  market  for  the  product,  and  can  be  maintained  only  by 
the  discovery  of  new  markets.  The  decrease  of  cost  due  to 
labor-saving  inventions  leads  to  the  extension  of  the  markets 
without  which  production  must  be  checked  and  labor  seek  new 
fields,  or  be  reduced  to  a  lower  standard  of  living.  Thus  a 
country  depends  for  material  prosperity  as  much  upon  the  brains 
of  its  scientific  men.  inventors  and  engineers  as  upon  its  natural 
resources.  Money  spent  upon  unproductive  enterprises  means 
waste  of  labor  and  the  stoppage  before  long  of  the  wheels  of 
industry.  Capital  knows  no  country ;  it  ever  flows  to  the  land 
of  promise ;  let  it  be  our  endeavor  to  make  Canada  no  mere  land 
of  promise  but  a  land  of  fulfilment  as  well.  Fortunate  in  possess- 
ing vast  agricultural  resources  without  which  no  nation  can  be 
self-sustaining.  Canada  can  afford  to  take  time  in  developing  its 
mines.  The  mines  are  our  treasure  houses,  which  once  emptied, 
can  never  again  be  filled — while  the  scattered  gold,  silver,  copper 
and  iron  that  remain  in  the  country  may  to  some  extent  be 
recovered  after  having  fulfilled  their  first  uses,  the  coal,  oil.  and 
gas  once  used  are  gone  forever. 

The  preservation  of  our  fisheries  and  forests  demands  our 
first  attention.  Their  cultivation  must  begin  and  their  mining 
must  cease,  if  we  are  not  to  lose  them  altogether.  Xor  need 
the  engineer  fear  that  under  such  a  policy  his  opportunities  would 
be  deferred  or  his  field  narrowed.  The  conservation  of  our 
resources  will  introduce  many  new  problems,  will  stimulate 
research  and  invention,  cheapen  production,  open  up  new  mar- 
kets and  enable  the  country  to  sustain  a  much  larger  and  more 
permanent  population  than  we  have  any  right  to  expect  from  a 
continuance  of  our  present  ill  regulated  and  short-sighted  practice 
of  extravagant  consumption  and  waste. 

In  conclusion  I  have  to  thank  the  members  of  the  Society  for 
the  honor  they  conferred  upon  me  a  year  ago  in  electing  me  to  the 
highest  office  within  their  gift,  an  honor  altogether  undeserved  on 
the  score  of  previous  service.  I  have  also  to  thank  my  colleagues 
of  the  outgoing  council  for  the  kindly  assistance  which  I  have  in 
many  ways  received  from  them  in  the  performance  of  my  special 
duties.  I  am  sure  that  they  join  me  in  wishing  the  new  council  an 
increased  measure  of  success  in  promoting  the  interests  of  the 
Societv. 
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Editorial 

Tlic  ximlicatidu  of  an  effort  is  its  o])ject  and  the  result 
obtained.     Tlie  l)est  advertisement  of  an  institution  is  its  men. 

'I'he  ii^ood  name  of  an  institution  consists  in 
To  the  more  than  the  reputation  of  the  personnel  of  its 

Graduates  staff',  and  its  history  in  more  than  a  record  of 

its  growth  in  numbers  and  buildings.  It  has 
been  shown  for  years  that  the  best  advertisement  of  the  Faculty 
of  Applied  Science  is  the  list  of  orraduates  showing  the  positions 
held  by  each  as  published  annually  in  the  calendar.  With  the 
increasing  numbers  graduating  yearly,  the  difficulty  oi  having 
this  information  as  com])lete  as  desired'  has  also  greatlv  increased. 
It  is  most  important  both  from  the  standpoint  of  the  institution 
bul  mure  particularly  from  that  of  the  graduate,  that  the  secre- 
tary of  llie   l'"acuhy  should  be  promptly  informed  of  all  profes- 
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sional  eng-agements  or  changes,  and  to  this  end  the  co-operation 
of  each  graduate  is  earnestly  solicited.  It  is  desired  to  make 
the  office  of  the  secretary  the  headquarters  for  all  such  informa- 
tion. The  stafif  views  with  justifiable  pride  and  satisfaction  the 
reputation  given  to  the  institution  through  the  achievements  of 
its  graduates  and  fully  recognizes  the  important  part  played  by 
them  in  this  connection.  In  this  there  has  been  a  laudable 
s])irit  of  reciprocation,  never  made  more  evident  than  at  the  last 
annual  dinner,  when  the  institution  was  brought  more  promi- 
nentlv  into  public  notice  probably  than  on  any  previous  single 
occasion.  On  the  one  hand  the  stafif,  through  the  senior  mem- 
bers, gave  free  expressions  of  appreciation  of  the  loyally  with 
which  the  graduates  had  always  supported  their  Alma  .Malcr: 
on  the  other  hand  the  graduates  were  unstinted  in  their  praises 
of  ihc  work  done  by  the  institution  and  thus  was  manifested  that 
s])iril  of  unity  which  to  a  large  extent  accounts  for  its  prestige 
in  tlic  community  at  the  present  time. 

There  is  no' doubt  that  the  history  of  the  institution  in  the 
broader  sense  would  constitute  interesting  literature.  That  part 
whicli  deals  with  its  growth,  buildings  and  equipment  can  be 
obtained  through  the  records  and  is  detinite,  and  is  dealt 
with  elsewhere"  in  this  issue.  There  is  another  part,  less 
definite,  it  is  true,  but  of  equal  and  ever  increasing  im- 
portance, which  might.be  written  upon  the  experiences  and 
achievements  of  thegraduates  and  the  important  and  influential 
])arl  these  achievements  have  had  u])on  the  national  and  indus- 
trial (lex-eloimnent  of  the  countrw 

Willi  a  view  to  collecting  lliis  kind  of  informalioii.  il  is 
])ro])()se(l   to  issue  printed  forms   to   the  graduates,  asking  iheir 

co-operati(Mi  in  the  ac(|uiring  of  a  systematic 
WeWanta  professional   record   to  be  kei)t   in   the  office  of 

Complete  Record  the  secretary.  The  objeci  of  >ucli  a  record  is 
of  Graduates         clear  and  should  appeal  to  e\  cry  graduate.      It 

will  be  used  as  a  means  of  securing  employ- 
ment for  and  of  furnishing  assistants  to  those  desiring  such.  It 
is  true  tliis  feature  will  appeal  more  strongly  to  llie  younger 
graduates,  but  there  are  many  ways  in  which  the  information 
can  be  made  mutually  helpful  to  all  and  a  hearty  support  of  the 
scheme  is  solicited.  It  is  needless  to  say  thai  the  information 
received  in  this  connection  will  be  treated  in  strict  confidence, 
such  of  it  being  used  from  lime  to  lime  as  will  advance  the 
interest's  of  those  concerned. 

The   older  graduates   are   lo   be   commended   for   llie   way   in 
which  they  have  sought  to  place  the  younger  men  when  in  need 
of  assistance,  and  il  is  desirable  that  this  spirit 
Cooperation  should  be  stimulated,     'l^ic  (^.raduates'  Associa- 

Among  tion  in  Xew  ^'ork  has  laken  an   inqxirlanl  step 

Graduates  in   this  direction  in  that   it   has  placed  itself  at 

the  disposal  of  the  younger  men  who  go  to  that 
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city  for  em])loyment.  Those  who  go  to  Xew  York  are  asked  to 
call  at  the  office  of  Mr.  E.  W.  Stern,  where  they  will  be  cordially 
recei\ed  and  will  also  be  given  any  information  within  his 
power  of  the  association. 

Elsewhere  in  this  issue  appears  a  list  of  graduates  wdiom  we 
desire  to  locate.  We  woulcl  gladly  welcome  any  information 
regarding  their  location   and  employment. 

Let  us  hope  that  in  the  future  the  graduates  will  keep  the 
secretary  more  promptly  informed  as  to  their  changes  and  also 
that  they  will  freely  assist  in  the  movement  for  a  complete 
professional   record. 


THE  FIRST  ANNUAL  DINNER 

In  the  first  section  there  appears  a  cut  of  a  menu  card 
of  the  first  dinner  twenty  years  ago.  It  is  interesting  to  glance 
over  the  list  and  note  what  has  become  of  this  old  guard.  On 
the  whole,  they  have  all  been  successful  in  life.  Of  the  fifty-one 
present  at  the  dinner  January  31st,  1890,  twenty-two  were  present 
at  the  reunion  dinner  last  month.  Of  the  number,  nine  are 
known   to  be  dead. 

C  II.  Topp  is  citv  engineer  of  \'ictoria,  B.C. 

W.  E.  Boustead  is  dead. 

T.  H.  Wiggins  is  with  the  Department  of  Public  Works, 
Regina,  Sask. 

|.  R.   I'edden,  address  unknown. 

I".  M.  I'owman  is  one  of  the  chief  engineers  of  the  Riter 
Conley   .Mfg.  Co..   I'ittsburg.  Pa. 

IC  B.  .Merrill,  after  being  associated  with  several  of  the  most 
im])orlanl  hydro-eleclric  dex'elopnienls  in  Canada,  is  a  consulting 
engiut'cr  in    Toronto. 

j.    T>.    Manly   is   in   manufacturing  Inisiness  at   Midland,  (  )nt. 

Andrew    Lane  is  deceased. 

1\.    .McLennan,   address    unkn(")wn. 

j.   -M.   Prentice  is  dead. 

T.    II.  .\lison  is  chief  engineer  of  the  Auguslus  Sniiih   L"o 
Xew  ^■ork. 

A.  I'".  Macallum  has  just  been  ajipointed  city  engineer  of 
1  lamillon.  <  hil. 

J.  ]■',.  A.  .Moore  is  a  consulting  and  contracting  engineer  in 
Cleveland.  (  )hio. 

C,.  E.  Silvester  is  chief  engineer.  Canadian  Co])per  Co.,  Cop- 
l)er  Cliff.  Ont. 

C.  W.  Dill  is  one  of  Toronto's  leading  contractors. 

X.  L.  Pla\fair  is  sujierinlendent  of  Plavfair  Lumber  Co., 
Midland.  (  )nt.  " 

X.  -M.  Lash  is  assistant  electrical  engineer  for  Bell  Tele- 
]>hone  Co.,  Montreal. 

R.  j.  Christie  is  manager  of  the  Christie  Biscuit  Co.,  Toronto. 
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R.  A.  Ross  is  associated  with  ]\Ir.  Holgate,  and  is  con- 
sidered one  of  Canada's  leading  electrical  engineers. 

J.  Hutcheon  is  city  engineer  of  Guelph,  Ont. 

J.  Galbraith,  the  Dean,  is  known  to  all  Canadians. 

John  A.  Duff  is  deceased. 

W.  H.  Ellis  is  Professor  of  Applied  Chemistry  at  the 
University. 

C.  H.  r^Iilchcll  is  a  consulting  electrical  engineer  in  Toronto 
and   Niagara   Falls. 

L.   B.  Stewart  is  Professor  of  Surveying. 

J.  E.  Jones  is  with  a  prominent  firm  of  Xew  York  consult- 
ing engineers. 

J. ^11.  Chewett  is  president  Evans  Rotary  Engine  Co..  To- 
ronto. ( )nt. 

C.  y.  Marani  is  designing  and  consulting  structural  engineer 
for  the  Russia  Cement  Co.,  Anacortes.  Wash. 

\'.  G.  Alarani  is  a  consulting  engineer  in  Cleveland.  Ohio. 

C.  ]M.  Canniff  is  chief  engineer  of  the  Expanded  Metal  Co.  of 
Canada. 

H.  Rolph  is  vice-president,  Metcalfe  Engineering  Co..  Ltd.. 
Montreal,  Que. 

T.  R.  Russell  is  a  clergyman  in  \'irginia,  U.  S. 

I.  W.   Evans  is  a  mining  engineer.  Toronto  and   Cobalt 
\\m.  Xewman  is  a' consulting  engineer  at  Windsor.  Oni. 
A.  G.  Anderson  is  a  hardware  merchant  at  Port  Dover.  Oni. 
G.  L.  Brown,  civil  engineer  and  surveyor.  Morrisburg.  Ont. 
R.  Russell,  civil  engineer  and  surveyor,  Pembroke,  Ont. 

A.  R.  Goldie,  with'Coldie  &  McCufloch.  Gait.  Ont. 

E.  J.  Easchinger,  M.E..  is  with  the  Consolidated  Gold  Fields 
Co.  of  South  Africa,  Johannesburg,  Transvaal,  S.A. 

A.  B.  English  is  deceased. 

M.  A.  Bucke  is  deceased. 

Albert  Smith  is  engineer  with  W.  P..  Tnllock  C"..  Youngs- 
town.  Oliio. 

C.  I-"..   Telcrson.  address  unknown. 

J.  E.  McAllister  is  manager  of  the  British  Columbia  Copper 
Co..  Greenwood,  B).C. 

II.  I).   Svmmes  is  a  contractor  at    Niagara    Falls.   Ont. 

W.  I').  Russel  is  an  engineer  and  contractor  in  Toronto,  but 
lately  largely  interested  in  Cobalt  properties. 

'I'hos.  R.  I~)eacon  is  president  and  general  manager  of  the 
Manitoba   Ir'in   Works  Co. 

M.  Dunbar  is  deceased. 

G.  Rol-)ertson,  address  unknown. 

\\'.    I..   Inncs   is   manager,  Canadian   C'anners,   Etd..  Simcoe. 


O^^ 


If.  Meade,  address  unknown. 
G.  1).  C'orrigan  is  deceased. 


APPLIED  se:iE.\CE 

LIST  OF  GRADUATES  WHOSE  ADDRESSES  ARE 
UNKNOWN. 

Below  is  a  list  of  graduates  whose  addresses  we  have  been 
unable  to  verify.  These  men  must  be  known  to  some.  Make  it 
a  personal  matter  to  notify  "Applied  Science"  in  case  you  can 
supply  the  information  desired. 

1882— D.  Jeffrey. 

1885 — E.  E.  Henderson. 

1887— A.  E.  Lott;  F.  Martin. 

1888— D.  B.  Brown  ;  J.  Gibbons. 

1889— B.  Carey. 

1892— J.  R.  Allan. 

i893_W.  Mines;  R.  H.  Squire;  H.  P.  Barker. 

1894 — ^A.  C.  Johnston  ;  A.  L.  McTacijart ;  S.  M.  Johnston. 

i895_W.  M.  Brodie;  H.  S.  Hull;  R.^  T-  Campl)ell. 

1896— H.  P.  Elliott. 

1897— A.  T.  Gray,  M.  B.  Weekes.  W.  R.  Smiley.  E.  A. 
Weldon. 

1898 — J.  E.  Lavrock  ;  T-  A.  Stewart. 

1899— G.  A.  Clothier;  J.  C.  Elliott;  E.  Guy;  G.  E.  Revell :  C. 
Cooper  ;  W.  E.  Foreman  ;  G.  A.  Saunders. 

1900 — T.  H.  Barlev;  H.  A.  Dixon;  J.  C.  Tohnston  ;  T-  G. 
McMillan  ;"A.  Tavlor;' T.  E.  Davison;  H.  S.  Holcroft :  R.  E. 
McArthur;  J.  R.  Roaf ;  H.  M.  Weir. 

1901 — F.  C.  Jackson;  C.  MacMillan  ;  W.  C.  Lumbers. 

1902 — J.  M.  Brown  ;  F.  T.  Conlon  ;  A.  C.  Goodwin  ;  R.  S. 
Mennie;  H.  J.  Zahn  ;  W.  Christie;  H.  V.  Connor;  C.  H.  Marrs : 
H.  D.  Robertson. 

1903— T.  G.  R.  Alison;  J.  A.  Horton  :  M.  L.  Miller;  F.  A. 
Moore;  J.  P.  Oliver;  R.  E.  George;  C.  A.  Maus ;  R.  H.  Mont- 
gomery ;  E.  E.  Mullins. 

1904— A.  M.  Campbell;  O.  B.  McCuaig  :  C.  P.  McGibbon  , 
E.  E.  Moore;  T.  ^1.  Weir;  P.  C.  Coates;  G.  G.  McEwen  ;  D. 
McMillan  ;  W."  I.  Smilher. 

i905_R.  H.  Armour;  R.  B.  Ross;  F.  H.  Sykes ;  D.  \\'. 
McKenzie;  T.  E.  Rothwell. 

1906 — W.  MacKinnon  ;  R.  E.  Pettingill. 

1907— E.  Cavell;  G.  S.  Stewart;  S.^A.  Marshall;  A.  C.  T. 
Sheppard. 


ENGINEERING  SOCIETY. 

The  interest  in  the  meetings  of  the  Society  was  fully  sus- 
tained during  the  month,  the  regular,  general  and  the  sec- 
tional meetings  being  held. 

The  general  meeting  was  addressed  by  T.  W.  Gibson.  Dep- 
uty Minister  of  Mines,  of  the  Province  of  Ontario,  ^^r.  Gibson 
spoke  on  the  Mineral   Resources  of  Ontario;  it  was  a  valuable 
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contribution  by  an  authority  on  the  subject.  Dean  Galbraith  and 
Prof.  Ilaultain  took  part  in  the  discussion  which  followed. 

On  Jan.  20th,  the  Civil  Section  listened  to  an  address  on  the 
"Detroit  River  Tunnel  Construction,"  by  Mr.  C.  T.  Hamilton,  '08. 
Mr.  Hamilton  was  on  this  work  since  its  inception  and  had  the 
s-tory  of  the  undertaking  well  in  hand,  and  fully  illustrated. 

The  discussion  which  followed  was  lead  by  Messrs.  P.  Cilles- 
pie  and  C.  R.  Young. 

The  Mechanical  Section  had  a  double  bill.  R.  Cunningham. 
'09,  spoke  on  "The  Electric  Furnace."'  and  H.  Irwin.  "09,  on  "Alin- 
ing and  Reduction  of  Copper  Ores." 

The  Chemical  Section  provided  a  joint  paper  b}*  D.  J. 
Huether,  '07,  and  L.  J.  Rogers,  '07,  on  "High  Temperature  Mea- 
surements." Dr.  Ellis  and  Prof.  I'ain  spoke  briefly  at  the  con- 
clusion of  the  paper. 


UNIVERSITY  OF  TORONTO  ELECTRICAL  CLUB 

A  short  synopsis  of  the  work  done  by  the  club  for  the 
present  college  term  will  give  a  fair  idea  of  its  possibilities  and 
of.  the  ])cnefils  (lcri\t'(l  1)\-  its  nu'in])frs.  There  necessaril}-  is 
some  (Ic'lay  at  lir>l,  owing  lo  llie  fact  that  third  year  has  to  be 
a])j)niaclie(l  and  thai  tlie  greater  ])art  of  the  executive  has  to  be 
elected. 

(  >ii  Xo\  ember  .^ih  11.  Coyne.  "0(S.  ga\e  a  pajier  on  "Cranes 
and  their  E(|uii)menl,"  on  .Xovember  l*'tli  \\  11.  Moody,  '08, 
read  a  i)a]ier  on  "A  Locomotive  Testing  riant  at  St.  Louis," 
and  on  r)creml)er  lOih  a  ]iai)er  on  "The  lnteri)oIe  Motor"  was 
delivered  by  b".  K.  I'Avarl.  1'>.A.  Sc.  '07.  after  wliich  W  .  W.  Gray. 
P). A.Sc.  '04.  ga\e  an  interesting  talk  on  "rrodiicer  (las  Plants." 
All  four  ])apers  were  illustrated  by  lantern  slides.  'Hie  discus- 
sions following  have  been  spirited,  indicating  the  interest  taken 
by  the  members. 

In  tlie  spring  term  four  meetings  were  held.  The  first  meet- 
ing in  January  was  devoted  to  the  reading  and  discussion  of  a 
paper  on  "I'Llectric  Traction"  l)\  \'.  C\  Thomas  and  j.  .\.  Leslie. 
Later  in  the  month  Mr.  W.  II.  Trice  gave  a  practical  demonstra- 
tion of  the  oscillogTaph.  The  club  was  indeed  fortunate  in  this 
— a  repetition  of  his  i)a])er  before  the  Canadian  Electrical  .Asso- 
ciation. The  third  meeting  was  taken  up  with  the  discussion  of 
L.  S.  (  )deirs  paper  on  Steam  Turliines.  At  the  final  meeting 
L.  S.  l)a\-is  read  a  paper  on  Rotary  L'on\erters. 

At  the  final  meeting  a  change  was  made  in  the  constitution, 
changing  the  name  of  the  club  to  the  Cni\-ersity  of  Toronto 
Electrical  Club.  It  was  also  decided  that  the  two  councillors  of 
the  third  year  should  be  chosen,  one  from  the  electrical  and  the 
other  from  the  mechanical  section.  This  was  done  to  bring  the 
mechanicals  more  closelv  in  touch   with  the  society. 

'i'he  executi\-e  for  next  year  will  consist  of  X.   Porter.  ])resi- 
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(lent,  and  E.  A.  Thomson,  secretary-treasurer,  the  councillors 
being  chosen   in  October. 

During  the  year  excursions  were  made  to  inspect  the  various 
industries  in  and  around  Toronto. 

The  executive  finds  engineering  firms  eager  to  get  into 
touch  with  the  club  and  it  has  received  a  numl^er  of  excellent 
instruction  books  and  bulletins. 

The  undoubted  success  of  this  club  should  inspire  the  forma- 
tion of  a  similar  one  in  the  Civil  Department. 


THESIS  FOR  B.A.Sc.  DEGREE 

The  following  are  the  subjects  of  the  thesis  submitted  by 
the  members  of  the  fourth  year,  for  the  degree  of  Bachelor  of 
Applied  Science.  The  subjects  this  year  are  unusually  general, 
and  all  exhibit  a  commendable  degree  of  research  both  in  read- 
ing and  original  work. 

H.  G.  Akers,  Factory  Testing  of  Electric  Machinery  ;  W.  L. 
Amos.  Lightning  Protective  Apparatus  for  Transmission  Lines 
and  Stations;  \V.  S.  Urady.  Electric  Railways;  P.  R.  Brecken, 
Irrigation;  J.  A.  Brown,  Concrete,  Plain  and  Reinforced:  F.  H. 
Buchan,  Storage  Battery  Engineering;  C.  E.  Bush,  Concrete 
Arches;  A.  W.  Campbell,  Modern  Electric  Street  Railway  Prac- 
tice; H.  R.  Carscallen,  Hydrographic  Surveying;  F.  H.  Chesnut. 
Railroad  Construction  ;  W.  C.  Collett,  Design  of  a  Terminal 
Station  ;  R.  Y.  Cory,  Canals  ;  G.  C.  Cowper,  Masonry  and  Con- 
crete Dams;  H.  Coyne,  The  Induction  Motor;  J.  \'.  Culbert. 
Cyaniding  of  Gold  and  Silver  Ores,  with  Special  Atteu'tion  to 
those  of  Ontario;  A.  I).  Dahl,  A  Stud\-  of  the  Black  Liquor  from 
the  Soda  Process  for  the  Manufacture  of  Wood  Pulp;  R.  S. 
Davis,  Rotary  Converters;  l\  C.  i)\  er.  Concentration  of  Slimes; 
C.  Edwards,  Steel  Rails  :  (  ).  L.  !•  lanagan.  Water  Supply  ;  A.  H. 
Foster.  Concrete,  Plain  and  Kcuiforced  ;  S.  S.  Gear,  \Vatcr  Tur- 
bines; A.  Gillies,  Reinforced  Concrete  Arch;  C.  L.  Gulley,  In- 
duction Motors;  J.  W.  TIackner,  Producer  Gas  Engines;  K.  Hall, 
Transformers;  C.  T.  Hamilton,  Detroit  River  Tunnel  as  Con- 
structed from  the  Windsor  Approach;  M.  C.  Hendry.  Piles  and 
Piling;  IX  J.  I  lucthcr.  Chemistry  of  Carbon  Monoxide;  .\.  D. 
lluelhcr,  hOundations  and  Retaining  Walls;  A.  X.  Hunter.  D.  C. 
Railway  Motors;  S.  B.  Her.  The  Synchronous  Motor;  W.  L'lck- 
son.  irrigation;  j.  D.  Kcppy.  Suction  Gas  Producers;  V.  C. 
Laiiil),  The  Pendulum:  J.  X.  .M.  Lt'slie.  Heavy  Electric  Traction  : 
L.  A.  McLean.  Base  Line  Measurements:  H.  C.  McMordie. 
Irrigation:  A.  A.  McRol^erts.  The  Filtration  of  Public  Water 
Supplies;  R.  J.  Marshall  Dams  and  Retaining  Walls:  J.  B. 
Minns.  Transformer  Design:  F.  I).  Monk.  Electric  Power  Trans- 
mission Line  Construction:  I".  II.  Moody.  Special  r""eatures  of 
^Modern   Steam    Locomotives:    1.    11.    Morice.  Switchboards  and 
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Switchboard  Apparatus:  F.  E.  H.  Mowbray.  The  Induction 
Motor;  C.  R.  Murdock,  Hydraulic  and  Placer  Alining;  W.  P. 
Murray,  Steam  Locomotives ;  E.  W.  Murray,  Roads,  Their  Con- 
struction and  Maintenance;  11.  J.  Peckover,  ^Municipal  Thor- 
oughfares ;  M.  Pequegnat,  Sewage  and  the  Disposal  of  Sewage  ; 
M.  Pivnick,  Gas  Engines;  F.  E.  Prochnow,  Polyphase  Induction 
Motors  ;  E.  M.  Proctor,  Irrigation  ;  C.  F.  Publow.  Single  Phase 
Series  Commutator  Type  Motor;  J.  T.  Ransom,  Time;  W.  B. 
Redfern,  A  General  Description  of  the  Hydraulic  Features  of  the 
Power  Plants  at  Niagara  Falls;  A.  R.  Robertson,  Concrete  in 
Municipal  Work ;  R.  R.  Rose,  The  Concentration  of  Sands ; 
W.  E.  L.  Shaw.  Lightning  on  Transmission  Lines,  Cause,  Effect 
and  Remedy;  H.  F.  Shearer,  Synchronous  Machines;  W.  L. 
Stamford,  The  Development  of  Water  Power;  R.  H.  Starr. 
Electric  Car  Equipment  and  Traction  ;  R.  B.  Stewart.  Magnetic 
Separation  of  Ores ;  W.  M.  Stewart.  Precise  Levelling  and 
Determination  of  Elevations ;  J.  L.  Stiver,  Comparison  of  the 
Hydraulic  Co'nstruction  of  the  Niagara  Falls  Power  Plants;  R. 
B.  Stuart,  Dams — Their  Design  and  Construction  ;  G.  F.  Sum- 
mers, Concrete  Dams  ;  V.  C.  Thomas,  Steam  Railroad  Electrifi- 
cation ;  J.  H.  Thornley,  Water  Power  Development  in  Canada  ; 
R.  M.  Wedlake,  Electrical  Illumination;  W.  j.  White,  The  Elec- 
tric Drive  on  Draw  Bridges;  F.  D.  W'ilson,  Internal  Combustion 
Engines;  A.  R.  Zimmer.- The  Distribution  of  Electric  Power. 


WHAT  THE  GRADUATES  ARE  DOING. 

G.  Gait,  B.A.Sc,  '07,  is  at  the  Northern  Lode  Mine  at  Green- 
wood, B.C. 

C.  W.  Hookway,  V/),  is  with  the  Allis-Cha!nuM-s-r.ullt>ck  Co., 
at  Montreal. 

B.  F.  Mitchell,  B.A.Sc,  "06,  is  in  the  city  engineer's  office  at 
Calgary,  Alberta. 

Geo.  S.  Hodgins  is  editor  of  Railroad  and  Locomotive  En- 
gineer, New  York. 

A.  V.  Macallum.  '93.  has  been  apiiointed  City  Engineer  of 
]  lamilton,  Ontario. 

Waller  Malcolmson,  '07.  is  in  the  office  of  the  city  engineer. 
xXiagara  h'alls,  Ontario. 

11.  V.  Serson,  '05.  is  with  the  Taylor  Iron  and  Steel  Co.. 
Fligh  Bridge,  New  Jersey. 

D.  J.  McGugan  is  on  the  engineering  staff"  of  the  Sumas 
Development  Co.  at  Chilliwack,  B.C. 

V.  A.  Danks,  '08.  is  in  the  office  of  Hazen  &  \\hii)ple.  con- 
sulting engineers.  103  Park  Ave.,  New  York. 
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G   T%\Jr'^'?'^'   '^..Government   Inspecting    Engineer    on 
ex.   1.  P.  Railway  from  Winnipeg  to  Saskatoon. 

C.   Fairchild,  '02,  and   \\^    G    WVKcf^^    '^-    1 

partnership,  with  o'fficcs  a.  llamf.'Va.u^D. ^.I'.fr    '''™^'    ^ 

A.  F.  Macallmn  is  associated  witli  T    Mrd  Mnrr^,-  ; 

succeed  him  at  Windsor.  i^nan.   oO,  will 

Clift^„i„e  in  "he  same    'Lp      '  "  "  """"■''"-"  "'"  "'^  ""'''■" 

tion  u,^\;x!?iT"cu'a't^H;e''''  "  P^P"  ^"^"^  "'<>  0"'"'o  A^^O'-'ia- 

iKjii  ()    .Mciiiitct^  at  their  recent  convention    nn  "Tli^  T?  . 

cal  Advantages  of  Reinforced  Concrete  Ku'nomi- 

F.  W    Thorold.  m  for  some  time  Citv  Engineer  of  Lal^arv 

economical   viaduct  could   be  built  on   oblique  pile' 

pXh,;:"'"'"'  ""^■'■'  ••"'"- "■-"■^  "'■  co„s,ruc,i,:r„ 

\\c  rc-rel  l„  re|„„-l  ,l,e  .k-alh  of  l)„„can  Sinchiir.   II  W 
5rt  last       ;■'■,' irnlr"  "'  '."f . '•^-Sincering-  Socie.y,  o„   lanuarv 

R„fffl„''  n''"''  '"  "'''''  "'^  Dunbar  &  Sullivan  Dredsinj.  Co   of 

Chat  el  '/■-  •"■'■  """'"'■"^  "'  l""''^'-'"  ""  'l'<^  "OwLivhu:s,o„ 
Channel-a  l,H.r-year  cntracl-Delmit  River.  J4  leet  deep  300 
wide,  and  about  18  miles  long.  ' 
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We  regret  to  report  the  death  of  W.  F.  Ratz,  '02.  at  Ottawa, 
from  typhoid  fever.  Mr.  Ratz  had  for  some  years  been  on  the 
internatronal  survey  between  Canada  and  Alaska.  A  full  obituary 
will  appear  in  number  six  issue. 

A.  R.  Campbell,  '02,  and  A.  L.  ]\IacLennan,  '02,  have  for- 
saken engineering  for  the  present  and  are  engaged  in  manufac- 
turing of  a  new  vacuum  massage  machine,  Mr.  Campbell  being 
president  and  managing  director  of  the  Universal  ^Manufacturing 
Company. 

J.  D.  S'hepley,  '04,  district  engineer  for  Battleford,  Sask., 
called  at  the  school,  renewing  old  acquaintances.  He  spent  this 
summer  running  a  line  north  from  North  Battleford  to  get  in 
touch  with  the  fur  trade  of  that  district.  The  district  is  very  rough 
and  for  some  distance  covered  with  fallen  tini'ber. 

H.  D.  Symmes,  '91.  has  just  finished  the  contract  for  the 
150-foot  extension  of  the  Ontario  Power  Company's  piant  at 
Niagara  Falls,  in  record  time.  The  work  included  some  very 
complicated  concrete  construction  which,  considering  the  nature 
of  fhe  ground  anfl  the  location  of  the  plant,  was  finished  with 
remarkable  despatch. 

Mr.  C.  H.  Mitchell,  C.l"'.,  has  now  associated  with  him  in 
partnership  his  ibrothef.  P.  J  I.  Mitchell,  and  together  they  will 
carry  on  practice  as  consulting  and  supervising  engineers.  Mr. 
C.  H.  Mitchell  is  too  well  known  to  need  mention  of  his  work. 
His  brother  is  also  a  graduate  of  Toronto  and  has  had  a  wide 
experience  in  mechanical  and  electrical  engineering,  having  for 
some  years  been  employed  on  the  works  of  the  Ontario  Power 
Co.  at  Niagara  h'alls  and  on  the  Winnipeg  Municipal  Power 
Plant,  as  well  as  several  steam  and  electric  i)lants.  The  new  tirm 
will  attend  especially  to  hydraulic  and  steam-driven  electric 
power  plants,  electric  railways  and  electric  lighting. 

Messrs.  (lardner  and  Wilson,  both  '03.  liave  opened  an  office 
in  Niagara  Falls,  Ontario,  to  carry  on  a  general  practice.  They 
will  give  special  prominence  to  electric  railway  and  hydro-electric 
work.  J.  C.  Gardner,  B.A.Sc,  has  been  for  twelve  years  on 
engineering  work,  having  been  connected  with  the  construction 
of  the  t'hree  bridges  across  the  Niagara  River  below  the  Falls 
and  of  the  power  houses  of  the  Niagara  Falls  Power  Co.  and 
the  Ontario  Power  Co.  He  was  two  years  with  the  Toronto  and 
Hamilton  Railway,  going  to  Chili  early  in  1006  to  work  on  the 
construction  of  the  Anca  and  La  Paz  Railway  through  the  Cor- 
dilleros.  N.  D.  Wilson.  B.A.Sc,  spent  two  years  on  bridge  and 
ci'ty  work,  and  a  year  in  the  office  of  the  late  W.  T.  Jennings.  C.F. 
in  connection  with  tlie  Toronto  and  Niagara  Power  Company. 
He  has  been  on  location  and  construction  in  Ontario  and  the 
West  for  the  G.  T.  P.  and  C.  P.  R. 
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TRANSMISSION    LINE   FORMULAE 

T.  R.  ROSEBRUGH,  M.A. 

In  making  any  calculation  one  may  hesitate  between  a 
method  which  nei^lects  (|uantities  that  may  possiblv  need  to  be 
taken  into  account,  and  one  which  while  dealinf^  completely 
with  the  problem,  is  more  laborious  or  intricate,  and  thus 
increases  the  chances  of  error^  The  advanta.ge  of  the  method 
to  be  described  is  that  it  permits  a  middle  course,  yielding"  first 
a  rough  result  coinciding  with  that  of  simpler  expressions,  to  be 
followed  subsecjuently  as  far  as  may  be  desired,  by  rough 
approximations  rapidly  con\-erging  to  the  true  result  as  term 
after  term  is  estimated. 

The  result  may  be  obtained  graphically  or  analvticallv  as 
may  be  preferred  by  the  following  method. 

First  reduce  the  problem,  if  it  relates  to  three-phase  trans- 
mission, to  one  of  single  phase. 

Tf  t'hc  connection  be  star,  then  in  so  far  as  the  fundamental 
is  concerned,  the  neutral  points  (one  at  each  end)  will  be  at  the 
same  potential,  and  may  be  treated  as  if  in  immediate  contact. 
One-third  of  the  power  may  then  be  taken  as  transmitted  by 
each  conductor  at  the  \oltage  which  exists  between  it  and  the 
neulral  puint.  that  is  line  voltage  di\-i(le(l  bv  ]  '  3. 

The  resistance  and  reactance  are  seen  to  be  those  of  one 
conductor  only,  wliilc  the  capacity  and  leakage  conductance 
with  which  we  have  to  do  are  estimated  as  the  individual 
branches  of  a  star  connection  having  their  common  terminals  on 
an    imaginary    neutral    carrying   no   current. 

In  the  calculation  it  is  indifferent  whether  the  actual 
arrangement  be  delta  or  star. 

It  is  not  the  purpose  of  this  pa])er  to  deal  with  these  line 
constants,  but  a  few  words  of  caution  may  not  be  out  of  place. 
Tn  using  tables  individual  numbers  may  be  in  error,  or  a  mistake 
may  Ik'  made  by  using  a  table  calculated  on  a  different  basis, 
perhaps    with    some    coefficient    not    ]")ropcrly    belonging,    incor- 
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porated  with  it,  and  the  special  method  of  using  such  table  not 
qttoted  from  the  original  source. 

Let  /'  --  resistance  of  one  conductor. 
X  =  reactance  of  one  conductor. 
g  =  leakage  conductance. 
b  =  susceptance. 
If  X  be  taken  from  a  table,  it  should  be,  for  the  present  pur- 
pose, one  giving  the  reactance   of  one   conductor  at   the   given 
frequency,  in  accordance  with 

^  160930    /  .   ,         2^     ,     n  ,       • 

X  =  /^o)  rm    ^^  yl   log,  — -J-  -J-  —-- )   m  w  henries, 

where  m  is  the  distance  of  transmission  in  miles,  by  stating  its 
value  for  one  mile,  or  otherwise. 

Also  &  =  C  o)   should,  if  obtained  from  a  table,  be  from  one 
giving  values  agreeing  with 

„  ^  ,,,,        160930         .  'ID 

-^"    QOnnnn   ^  ^  -i  '■og,  — 1"  microfarads. 

These  preliminaries  being  arranged,  and 

y  =  g  ^   b  j 
adopted   for  abbrexdation.  take  Zf,,  and   /,,  to  denote   the  vectors 
describing  voltage   and   current    res])ecli\-ely   at   one   end   of   the 


^ 

One  Wire 

^L 

J_ 

J^ 

A/eidi-aL 

1 

V 

•?=_-/  S=Q  S  S-l 


B 


line,  which  for  definiteness  may  be  thought  of  for  the  present 
as  the  receiving  end  at  O  in  the  figure,  and  taken  as  the  origin. 

Take  P-^  aiul  /,  of  corres])on(ling  meaning  for  the  other  \:\\y\ 
//  at  ^  =  1.  /i  and  /  similarly  may  h^  taken  as  vectors  for  ihc 
arbitrary  ])oinl  on  the  line  whose  distance  from  O  is  .s". 

'idle  diagram  shows  the  convention  adopted  for  the  signs: 
that  is,  positive  instantaneous  \alues  of  voltage  and  current  are 
taken  to  be  of  the  polarity  and  sense  res]')ccti\-ely  indicated  by 
the  -f-  and  the  arrow,  and  relati\e  x'cctor  senses  chosen 
accordingly. 

ilere  H  and  /  being  functions  of  -s'  the^■  are  gi\-en  thus  by 
'i'a}dor's   theorem  • 

or  for  sliort,  T)  denoting  dillerentiation  once  with  regard  to  .?. 
D-  twice,  etc. 

E  =-  E^,    \    s{DEl    I    Y  (^'^'o  +  -{    (D^E\ 
1=^1,        s{/)/\^         "I   (/>■/)„         -^-(/>V)„ 
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These  values  may  be  readily  determined  thus:  With  the 
current  as  at  s  remaining  constant  at  the  value  /  the  vector 
voltage  difference  for  the  conductor  would  be  -/  for  the  whole 
length  of  the  line,  that  is  for  unit  length  as  we  have  chosen  to 

call   it   so,   and   consequentlv  — , —  =  zl,  or  for  short  DE  =  si. 

as 

Similarly  DI  =  yE. 

Hence  D^E  =  D.DE  =  Del  =  zyE 

Dm  =  D.D^E  =  DzyE  =  z-vl 

D*E  =  D.Dm  =  Dz^-vl  =  z-y-E 

D-I  =  D.DI  =  DyE  =  \cl 

D^I  =  D.D-I  =  Dvzl  =  y^E 

D'l  =  D.D^I  =  Dy^aE  =  y^s^-I 

Therefore  £  =  £„  +  szl^  +  --  zyE^,  +   ^    s'^yl^  + 

and  /  =  /„  +  syE,^  +   ^   yxr/„  +  ^   y^zE,  + 
In  particular  at  A  the  end  of  the  line  {s  =  1) 

E,  =  E,  +  zl^^  +    ^-  zyE,  +   ^   z^-yl,  + 

A  =  /o  +  yE,  +  ^  y^^A,  +  \  y'^E,  + 

By  means  of  these  two  expressions  the  problem  (so  far  as 
fundamental  frequency  is  concerned)  may  be  solved  as  accur- 
ately as  the  data  permit,  for  any  length  of  line. 

.\s  the  length  and  voltage  increase  it  may  be  necessary  to 
take  in  successively  additional  terms:  this  may  be  carried  to 
any  extent  desired. 

The  first  term  for  /,  and  the  first  two  for  Hj  give  the  ordi- 
nary solution  for  sliort  lines  at  low  voltage.  The  second  term 
for  /,  namely  yE^  =  (or  _|_  bj)  £„  corrects  the  current  for  leakage 
and  etfect  of  capacity.  The  third  term  for  £,  corrects  the  drop 
already  calculated  for  constant  current  by  taking  account  of  its 
variation  along  the  line  due  to  leakage  and  capacity.  The  third 
term  for  /,  corrects  the  error  made  in  calculating  leakage  and 
capacity  efifect  on  the  basis  of  constant  potential  throughout. 

.\t  or  before  this  point,  the  requirements  of  calculations  of 
l)ower  transmission  are  likely  to  be  satisfied,  but  telephonic 
transmission  with  the  high  fre(|uency  of  some  of  fhe  components 
of  sound  necessary  t'or  clear  enunciation,  and  the  long  distances 
which  are  common  may  demand  several  terms  more. 

it  is  unnecessary  to  discuss  at  length  the  method  of  using 
this  formula,  as  the  use  of  complex  (ptantities  is  ex]ilained  in 
man\'    text    books. 

Ilriellv.  however,  it  may  be  stated  as  a  caution  that  while 
the  laws  of  algel)ra  may  be  applied  to  the  expressions  given. 
vet    if  /:„  IS   to  l:)e  taken   directly  as  a   number.   /„    (not   usually 
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being  a  vector  in  the  same  direction)  may  not  be.  For  example, 
if  the  current  be  100  amperes  at  O,  and  be  lagging-  so  as  to  have 
a  power  factor  of  90%,  then  if  £,,  be  represented  by  its  value  in 
volts  as  a  pure  number,  /„  =  100  p  —  100  qj  where  />  =  .90  and 
/'=^  +  ^-^=l. 

Thus  the  data  may  for  symmetry  be  supposed  stated  in  the 
form 

£o   =  ^0    +    5n    ./ 

There  finallv  result  from  the  above  described  calculation 
E,=A,Jr  B,  j 
/,  ==  M,  +  iV,  j 

As  line  drop  is  stated  as  the  arithmetical  difiference  in  value 
of  the  line  voltages  it  will  be  (when  only  the  fundamental  is 
considered) 

l/8  1    A;  +  B;  ~  i    H  i    ATFA? 

The  power  transmitted  will  be  3(^i-U,  +  B^K\)  watts,  and 
that   received  Z{A^^M^,   -)-  B^N^,)    from   which   the   efficiency   is  at 

f        1  •                  .    inn  Aik+_J?ZiL_ 
once  tound  m  i)er  cent.  1(JU     .  ,, ,     ^-77 

The  power  factor  at  A  will  be 


Again  suppose  the  data  given  relate  to  the  point  O  supply- 
ing power  to  the  other  end  B  of  the  line  under  given  conditions 
represented  by  the  same  diagram  as  before.  Then  as  every 
point  on  a  continuous  line  may  be  considered  as  receiving  power 
on  one  side  and  giving  it  out  on  the  other,  the  point  O  may  be 
SI)  considered  and  the  conditions  at  B  found  by  inserting^  =  —  1 
in  the  formula.  This  will  have  the  efifect  of  changing  from  -f-  to 
- —  the  sign  of  each  even  numbered  (ddd  powered)  term  in  both 
the   series   given. 

Therefore  when  the  vectors  £0  and  /,,  are  given  for  the  point 
O,  E.,  and  I.,  for  the  other  end  B  of  the  line  of  the  same  length 
as  before  will  be  given  by 

E,  =  E,-  r/„  +  ^  r.vE,,  -  ]     z^-yl,  + 


These  may  l)e  dealt  with  similarly. 


(') 
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THE  DETERMINATION  OF  LATITUDE. 

L.  B.  STEWART,  O.L.S.,  D.T.S. 

Professor  of  Surveying 

In  this  article  it  is  proposed  to  give  a  brief  account  of  the 
principal  methods  of  determining  latitude  which  are  adapted  to 
the  use  of  the  surveyor's  transit  or  the  sextant,  with  a  brief  refer- 
ence to  the  precise  methods  used  in  connection  with  a  geodetic 
survey,  or  m  the  astronomical  observatory. 

The  term  latitude  used  in  this  connection  applies  to  the  astro- 
nomical latitude,  which  may  be  defined  as  the  angle  which  the 
direction  of  the  plumb  line,  or  normal  to  the  earth's  surface,  at 
the  point  of  observation,  makes  with  the  plane  of  the  equator. 
This  line  in  general  does  not  pass  through  the  centre  of  the  earth, 
the  form  of  the  earth  being  approximately  spheroidal ;  and  the 
angle  which  the  line  joining  the  point  of  observation  to  the 
earth's  centre  makes  with  the  plane  of  the  equator  is  termed  the 
geocentric  latitude.  The  latter  cannot  be  found  by  observation, 
but  its  value  can  be  computed  in  terms  of  the  astronomical  lati- 
tude, for  a  spheroid  of  given  dimensions. 

In  Figure  1  PEP^Q  is  a  meridian  section  of  the  earth : 
P  and  P'  the  north  and  south  poles,  respectively ;  EO  the  inter- 
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section  of  ilie  planes  of  the  meridian  and  the  c(|uattir;  ./  any 
point:  --^P  the  tangent.  A'S  the  normal,  and  AO  the  radius  at  A. 
AZ  is  the  production  of  ^^.V  upwards,  determining  the  point  Z  the 
observer's  zenith.  A\^E  is  then  the  astronomical  latitude,  and 
AOE  the  geocentric. 

The  maximum  value  of  the  angle  O./.V  (the  reduction  of  the 
latitude)  is  about  1 1'  40",  occurring  in  latitude  45°  06'  08".  al^out : 
and  in  latitude  43°  the  length  0\  or  0.\  '  is  about  nineteen  miles. 

If  now  AP"  be  drawn  parallel  to  OP"  and  AE^  to  OE,  then 
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the  angle  ZAFJ  is  equal  to  the  observer's  latitude  (astronomical), 
and  it  is  evident  also  that  this  angle  is  equal  to  P"AT\ 

Fig.  2  is  a  projection  of 
the  celestial  sphere  on  the 
plane  of  the  meridian.  It 
appears  to  the  writer  to  be 
more  convenient  to  consider 
this  sphere  as  infinite,  than 
as  finite  in  extent ;  we  may 
then  assume  the  parallel 
lines  AP"  and  OP"  to  inter- 
sect its  surface  in  coincident 
points  at  P:  AZ  and  OZ  in 
the  point  Z;  and  AE^  and 
OE^    in   E.     The   latitude  of 

A,  from  what  has  been  shown  above,  is  then  equal  to  the  declina- 
tion of  the  zenith  EZ,  or  altitude  of  the  elevated  pole  PA' :  so 
that  the  determination  of  latitude  is  reduced  to  the  determina- 
tion of  one  or  the  other  of  these  arcs. 

Proceeding  now  to  a  discussion  of  the  more  usual  methods 
of  finding  the  latitude  by  observation  we  shall  first  describe  the 
various  methods  depending  upon  observed  altitudes  or  zenith 
distances  of  stars  (using  the  term  star  to  mean  any  heavenly 
body),  taking  first  the  nrethod. 

(i)    By  meridian  altitudes  or  zenith  distances. 

It  is  assumed  that  the  observer  is  provided  with  either  a  tran- 
sit or  a  sextant,  and  knows  how  to  use  his  instrument,  so  that  we 
shall  confine  ourselves  to  a  description  of  the  mode  of  reduction 
of  the  observations  only  in  each  case. 

If  now  the  star  be  observed  in  either  of  the  positions  6"j,  S^, 
S.,_  or  5",,  and  we  denote  by 

8  tbe  star's  declination, 

^  its  zenith  distance,  and 

(t>  the  latitude  of  the  place 

then  evidentlv  we  ha\-e  for  the  four  positions,  respectivelv 

^    ct>  =  8  +  C  [I) 

ct>  =  8  —  i  (2) 

<!>  =  C  —  8  (3) 

^  =  180°  —  8  —  ^  (4) 

If  a  south  declination  be  regarded  as  negative,  then  e(|uation 
(3)  is  included  in   (  n. 

Again,  if  we  denoic  b^• 

t"  the  star's  polar  distances,  and 
//  its  altitude 
then  for  the  ptxsitions  S^  and  S^  we  ma}-  write,  respectively 
ff)  =  h  —  p  (?) 

ct>  =  h   -\-   p  (6) 


The  star's  declination   is  interpolated     from     the 
Almanac  for  the  instant  of  observation. 


Nautical 
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Again,  for  two  stars  in  the  positions  S^  and  S„  we  mav  write 
</>  =  S  +  C 
</>  =  8>  —  r 
when  by  takintj;'  the  mean  v/e  have 

so  that  it  is  onh-  nccessar}-  to  know  the  difference  of  the  zenith 
distances  of  the  two  stars,  not  their  absolute  values.  This  quan- 
tity may  be  observed  as  follows  with  a  surveyor's  transit:  The 
vertical  axis  of  the  instrument  having  been  carefully  plumbed, 
point  to  one  of  the  stars  -S'j  or  6*0  when  on  the  meridian  and  read 
the  vertical  circle;  then  turn  in  azimuth  through  180°  and  point 
to  the  other  star  wiien  at  the  instant  of  transit  and  read  again. 
The  difference  of  the  two  vertical  circle  readings  is  the  required 
difference  of  zenith  distance. 

For  this  observation  the  alidade  of  the  vertical  circle  should 
be  provided  with  an  accurate  level  to  indicate  any  change  of  in- 
clination of  that  part  of  the  instrument. 

The  method  just  described  is  the  same  in  principle  as  Tal- 
cott's  method  of  finding  the  latitude,  the  instnmient  specially  de- 
signed for  the  ])urpose  being  the  zenith  telescope.  This  instru- 
ment is  essentially  an  alt-azimuth  in  which  the  circles  play  a  sub- 
ordinate part,  being  used  only  for  finding;  while  the  imi)ortant 
parts  of  the  instrument  are  the  filar  micrometer  placed  in  the 
focus  of  the  telescope,  and  the  sensitive  latitude  level  attached  to 
the  alidade.  In  order  that  the  micrometer  may  be  used  to  mea- 
sure the  difference  of  zenith  distance  of  the  stars  of  a  pair,  they 
must  be  so  selected  that  their  zenith  distances  diff'er  by  less  than 
the  angular  field  of  view  of  the  telescope.  In  observing,  the  tele- 
scope is  set  at  the  mean  zenith  distance  of  the  two  stars,  which 
are  then  bisected  in  turn  by  the  micrometer  thread  of  the  tele- 
scope as  they  cross  the  meridian,  the  instrument  being  turned 
through  180°  in  azimuth  between  the  observations.  The  differ- 
ence of  the  micrometer  readings,  multiplied  by  the  angular  value 
of  a  turn  of  the  screw,  and  corrected  for  change  of  inclination  as 
indicated  by  the  level,  and  for  differential  refraction,  gives  the 
required  difference  of  zenith  distance  of  the  two  stars.  This 
c|uantity  added  to  the  mean  of  tlic  declinations  gives  the  latitude, 
as  shown  by  e(iuation  (7). 

The  advantages  of  the  zenith  telescope  as  compared  with  the 
alt-azimuth  in  taking  the  above  observation  are  apparent  after  a 
moment's  consideration.  In  the  first  j^lace,  other  things  being 
equal,  the  ])recision  of  the  former  instrument  should  exceed  that 
of  the  latter  in  the  ratio  of  the  focal  length  of  the  telescope  of  the 
former  to  the  radius  of  the  vertical  circle  of  the  latter  instrument. 
In  addition  to  this,  however,  there  are  the  errors  of  a  graduated 
circle,  when  its  diameier  exceeds  twelve  or  fifteen  inches,  due  to 
flexure,  varying  temperature,  etc..  as  well  as  those  of  the  gradua- 
tions themselves,  which  completely  nullify  the  advantage  that 
would  otherwise  be  gained  bv  increasing-  its  diameter,  and  thus 


194  APPLIED  SCIENCE 

place  still  more  to  the  credit  of  the  zenith  telescope.  The  errors 
and  irregularities  of  a  micrometer  screw,  on  the  other  hand,  can 
be  readily  investigated. 

These  advantages,  together  with  the  extreme  portability  of 
the  zenith  telescope,  render  Talcott's  method  the  most  useful  one 
known  for  determining  latitude  in  the  field  in  connection  with  a 
geodetic  survey. 

(2)  Ijy  an  altitude  out  nf  the  meridian,  the  time  of  observa- 
tion being  known. 

This  method  involves  a  solution  of  the  astronomical  triangle 
ZPS  (Fig.  2),  the  data  being: 

ZS  =  90°  —  h 
PS  =  90°  —  8 
ZPS  =  t  (the  'hour  angle  of  the  star) 
and  the  required  part  is 

ZP  =  90°  —  ct> 
If  the  body  observed  is  the  sun,  then  /  is  the  apparent  time  :  if  a 
star,  then 

t  ^  a  —  ^>'  (if  east  of  the  meridian) 
or  t  =  (:)  —  a  (if  west  of  the  meridian) 

In  these  erjuations  O  is  the  sidereal  time  of  observation,  and  a 
the  star's  right  ascension. 

The  fundamental  relation  connecting  the  given  and  the  re- 
quired quantities  is 

sin  h  =  sin  cf)  sin  8  +  cos  <{>  cos  8  cos  t  (8) 

which  is  adapted  for  use  by  the  introduction  of  the  auxiliary  6 
as  follows:   Writing  the  e(|uation 

sin  h  =  sin  8  (sin  </>  +  cos  ^  cot  8  cos  t) 
then  assuming- 
cot  6  =  cot  8  cos  t 
and  substituting,  we  liave 

sin  /;  =  sin  8  (sin  <l>  -f-  cos  6  cot  0) 
sin  8  cos  (cl>  —  6) 


whence 


cos  (cf>  —  0) 


sin   6 

sin  h  sin  d  (9) 


sin   8 
6  ])eing  gi\en  by  the  relation 

tan  8  (10) 

tan  0  = 

cos   f 

Ecpiations    (9)    and    (10)    determine  </>. 

It  is  im])ortant  in  using  any  method  to  determine  under  what 
condititnis  errors  in  the  data  hax'c  the  least  effect  upon  the  cjuan- 
tity  conipulcMl  frMni  them.  To  inxcstigate  this  we  di  iTcrouliatc 
(8)   and  bv  o])\-ious  substitutions  o])tain 

d  (^  =  —  cos  C  sec  A.  (f  8  -f  sec  ./.  (/  h  -f  cos  (b  tan  -  /.  d  t       (11) 
in  which  C  is  llu  jiarallactic  aiiglc  ZSP,  and  .  /  llic  azimuth  PZS. 
Regarding  the   errors    as    differentials   this   gives   the   effect   of 
errors  in  the  data  ui)i>n  tlie  resulting  latitude.      It  also  shows  that 


THE  DETERMIXATIOX  OF  LATITUDE.  195 

in  order  that  the  effects  of  these  errors  should  be  as  small  as  pos- 
sible A  must  be  small  and  C  large;  though  with  small  instru- 
ments this  last  condition  is  not  important,  as  the  error  in  8  will 
then  be  extremely  small  compared  with  the  errors  of  the  ob- 
served quantities.  All  these  conditions  are  fulfilled,  however, 
in  the  case  of  a  close  circumpolar  star  observed  at  or  near  elonf^a- 
tion.       This  suggests:  '^ 

(3)   The  method  by  an  altitude  of  the  pole  star. 
This  method  only  differs  from  that  last  described  in  the  mode 
of  reduction.       On  account  of  its  small  polar  distance,  the  alti- 
tude of  the  star  can  never  differ  much  from  the  latitude  of  the 
place ;  the  method  therefore  consists  in  computing  a  correction  to 
apply  to  the  former  quantity  to  give  the  latter.  '    An  expression 
for  this  correction  is  derived  as  follows : 
In   eq.    (8),  writing 
<l>  =  h  -\-  X 
8  =  90°  —  p 
it  becomes 

sin  h  =  sin  {h  -f  .r)  cos  p  +  cos  (h  +  .r)  sin  p  cos  t 
Then  expanding  the  sine  and  cosine  of  li  -f  x,  and  then  the  sines 
and  cosines  of  x  and  p  and  retaining  only  the  first  and  second 
powers  of  these  quantities,  we  have 

sin  //  =  (sin  h  —  -'^     sin  h  -^  x  cos  h)  (I  —  -^  ) 

x~ 

+  (cos  h  —  -^   cos  //  —  -r  sin  //)  p  cos  t. 

Ihen  niuliiplying  out  and  re-arranging,  we  have 

■''  =  —  P  ^o^t  ^  Yi  ip^  ^  X--  -\.  2  p  X  cos  0  tan  h 
1  hen  assuming  as  a  first  approximation 

-f  =  —  p  cos  t 
and  substituting  in  the  second  term,  we  get 

-*■  =  —  /'  cos  /  4-  y.  p-  sin  -/  tan  h 
Therefore  we  have  finally,  p  being  in  seconds  of  arc 

(f,  =  It  —  p  cos  t  -\-  y2  p^  sin  1"  sin  -t  tan  h  (12) 

The  omitted  terms  in  this  expression  will  never  exceed  0."5. 
An  example  is  here  given  to  illustrate  the  use  of  this  ex- 
pression. 

The   following  observations    were    taken    bv    the   writer   on 
June  14th.  1004,  with  a  .Vin.  transit  reading  to  1': 


Circle. 

y.  c.  R. 

Watch. 

R. 

45°  44' 

14  h. 

50  m.  04 

L. 

45     43 

53         46 

R. 

45     45 

':^7         10 

L. 

45     44 

50         44 

The  watch  was  regulated  to  sidereal  time  and  its  correction 
was  —  20'. 
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Taking  the  mean  of  the  first  two  observations  the  reduction 
is  as  follows : 

Mean  of  altitudes  =  45°  43'    30" 

Refraction  =  ^^ 

h 

Mean   of   observed    times 
Correction 

Sid.  time 
Star's  r.   a. 


S  =  88°  47'  27" 
.  • .  p  =  4353" 
loo-  p       =  3.638789 
"^  cos  t  =   9.967813  » 


=  45 

42 

53 

=  14'' 

5 1 "' 

-20 

=  14 
=  1 

51 
24 

35 
26 

=  13 

=20  r 

27 
M7' 

09 
15 

4042  =  3.606602  » 


'0.5  =  1.698970 

/>-  =  7.27757S 

sin  1"  =  6.685575 

sin  't  =  9.139134 

tan  //  =10.010752 


6.J0     =  0.812009 


/,  =  45°  42' 33" 
1st  correction    =     1    07  22 
2nd  correction  =  6 


<^  =  46    50    01 


The  mean  of  the  last  two  observations  having  been  reduced 
in  the  same  manner,  the  result  is 

46°  50'  14" 
and  the  mean  of  tliese  two  results: 

cf,  =  46°  50'  08" 

The  seconds  arc  of  course  uncertain. 

We  shall  proceed  next  to  a  description  of  one  of  the  most 
useful   methods,   wlicn   small   iustrumcnts  are   used,  viz: 

(4)    By  circum-meridiau  altitudes. 

This  term  is  ai)])lied  to  altitudes  of  a  star  when  near  the 
uieridian.  If  a  number  of  altitudes  are  observed,  beginning  when 
tlie   star   is   east   of   the    meridian     and     continuing    until     it    has 
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reached  about  the  same  hour  ang'le  west  of  the  meridian,  the 
method  of  reduction  is  to  compute  a  correction  to  apply  to  each 
altitude  to  give  a  value  of  the  meridian  altitude.  The  mean  of 
all  the  values  so  found  is  then  taken  and  the  latitude  deduced 
therefrom  by  one  of  the  equations  d),  (2)  or  (3). 

To  derive  an  expression  for  this  reduction  we  again  return 
to  equation  (8),  writing  it  in  the  form 

sin  h  =  sin  ^  sin  8  +  cos  ^  cos  8(1  —  2  sin-  ^  0 
which  becomes 

sin  /;  =  cos  (<^  —  8)  —  cos  <j>  cos  8.  2  sin-  J/^  / 

Then  denoting  bv  C,  the  meridian  zenith  distance  we  have  bv  (1) 

c^  —  8  =  ^,  =  90°  —  h, 

.  ■ .    sin  /;„  —  sin  /;  =  cos  <j>  cos  8.   2  sin-  jA  f 

Then  substituting 

h  =  h„  —  X 
in  which  .r  is  the  rc(|uired  correction  to  h,  we  have 
sin  h  =  sin   (li,,  —  .r) 

=  sin  /'„  (  1  —  )  —  .r  cos  h,, 

=  sin  lin  —  -r  cos  h„  — -^  sin  Ih, 

X' 

.  • .    sin  ho  —  sin  h  =  x  cos  /;„  -j-  — — -  sin  h,, 
and  .  •  . 

X'  ,  cos    d>    COS    8     ^      .    ,       ^ 

X  4-  — — •  tan  ho  =  ^^^ 2  sin-  V,  t 

'J  cos  ho 

Then  omitting  the  term  containing  x~  for  a  first  approxima- 
tion and  substituting  ihe  value  of  .r  thus  obtained  in  the  omitted 
term,  we  obtain 

cos  <^  cos  8  ■   o  ,/  , 

X  = ^^~- 2  sin-  lA  t 

cos  h„ 

I  cos  </>  cos  8  V'  7     ->    •   4  ,  /  . 

^        cos  ho 

.  •  .  in  seconds  of  arc 

cos  0  cos  8        2  sin^  ^  t 

cos  h„  sin   1 

/  cos  (b  cos  8    \''  ,     2  sin*  '/>  '  ,     . 

—  \ ^—7 )    tan  h„  : -—  (13) 

cos  /!„         /  Sin   1 

A  sufficientl}-  close  value  of  cf>  for  use  in  the  right-hand  mem- 
ber may  be  found  by  taking  the  greatest  observed  altitude  and 
treating  it  as  the  meridian  altitude,  thus  finding  /»„  and  therefrom 
an  api^roximate  value  of  (f>.  Tables  may  be  found  in  most  works 
on  practical  astronomy  that  give  tlie  values  of  the  terms 
2  siir  '/>  <    ^    2  sin*  •/.  t 


sin  1"  sin   1" 

for  argumem  /.     The  second  of  these  quantities  amounts  to  1" 
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for  t  =  18"^,  and  to  7. "5  for  f  =  30'^,  so  that  with  small  instru- 
ments this  term  is  seldom  required. 

Example. — The  following^  observations  were  taken  by  the 
writer  with  a  sextant  and  artificial  horizon  on  September  2nd, 
1893,  at  a  place  in  approximate  longitude  /''  50'"  \\\  : 

Watch. 


22 

alt. 

© 

89° 

59' 

15" 

90 

00 

15 

90 

00 

45 

89 

59 

15 

89 

58 

30 

89 

57 

30 

89 

55 

15 

12" 

32"> 

36^ 

35 

37 

38 

28 

42 

S7 

44 

46 

46 

11 

48 

13 

Index  error  =  0" 

Watch  correction  =  —  39'»  08« 

An    approximate   value   of   the    latitude    is    found   from    the 
maximum  observed  altitude  as  follows  : 

Max.  2-alt.  =    90°  00'  45" 

Eccentric  error  =       -|-     2   00 


2) 

90 

02 

45 

Observed    alt 

itude 

= 

45 

01 

a 

Refraction 

^ 

?S< 

45 

00 

24 

Scmi-diam. 

■ — 

15 

54 

45 

16 

18 

Parallax 

— 

06 

ha 

45 

16 

24 

U 

= 

44 

43 

36 

S 

: 

+  / 

37 

54 

4>   (approx.) 

S2 

21 

30 

The  computation   then   jirocceds  as  folh^ws: 

App.    time    at    noon      =     12''  00'"  00'^ 
Eq.   of  time  =  — 21 


Mean   time  =     11    59     39 

Watch   correction  =  39     08 


Watch    time   of   noon      =     12    38    47 
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Subtracting   this    in    turn    from    the    observed    watch    times 
gives  the  corresponding  hour  angles. 

log  cos  <f>        =  9.785843 
log   cos   8        =  9.996136 


lo?  cos   ho       =  ^^847403 


19.781979 
9.934576 


Adding  to   this  logarithm   in   turn   those  of 

2  sill-  y.  t 

sin  1" 
corresponding  to  the  values  of  t  found  as  explained  above,  the 
values  of  the  above  term  being  taken  from  a  table,  we  obtain 
the  logarithms  of  the  numbers  of  seconds  contained  in  the 
second  column  below.  The  first  column  contains  the  zenith 
distances  of  the  sun  found  from  the  observed  double-altitudes 
in   the   manner  exemplified   above. 

t,  Corr'n  C„ 

44°  44'  21"         1'  05"         44°  43'  16" 

43    51  17  34 

43  36  00  36 

44  21  29  ?2 

44  43  1    00  43 

45  13  1    32  41 

46  21  2    30  51 


Mean  =       44     43    30 
8  =  +    7     37    54 


cb  =       52     21    3?> 


'I4iis  differs  by  only  3"  from  the  approximate  value  above 
found. 

To  use  either  of  the  last  three  methods  a  knowledge  of  the 
correction  of  the  watch  on  local  time  is  necessarv :  if  this  be  un- 


r/f  J 


known,   it    may   be   determined,   as   well   as   the   latitude,   by   the 
following  method  : 

(5)  By  two  altitudes  of  a  star,  or  the  altitudes  of  two  stars, 
and  the  elap.-cd  time  between  the  observations. 
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S  and  S^  (Fig.  3)  are  the  two  positions,  either  of  the  same 
star  or  of  the  two  stars,  at  the  instants  when  they  are  observed. 
It  is  necessary  first  to  find  the  difference  of  their  hour  angles 
SPS\  If  the  same  star  be  observed  at  both  observations,  it  is 
the  elapsed  sidereal  interval  between  the  observations ;  but  if 
different  stars  be  observed,  and  if 

T  and  T^  be  the  observed  times,  and 

a  and  a^  the  stars'  right  ascensions, 
then  the  difference  of  right  ascension  of  the  stars  must  receive 
a  correction  equal  to  the  elapsed  sidereal  interval  between  the 
observations,  or 

SPS'  =  T'  —  T  —  (a'  —  a) 
Then  PS  and  PS^  being  known,  the  triangle  SPS^  may  be  solved, 
finding  SS^  and  the  angle  PSSK  The  three  sides  of  the  triangle 
ZSS^  are  now  known,  so  that  it  may  be  solved,  finding  the  angle 
ZSS\  Then  PSZ  =  ZSS'  —  PSS\  In  the  triangle  PZS  the  two 
sides  PS  and  ZS  and  their  included  angle  are  now  known,  so  that 
it  may  be  solved,  finding  PZ  the  required  co-latitude.  Complet- 
ing the  solution  of  the  triangle  ZPS  we  have  in  addition  the  hour 
angle  ZPS  and  the  azimuth  PZS;  so  iliat  lliis  observation  may 
be  used  to  find  the  watch  correction,  and  also  to  establish  the 
direction  of  the  meridian  line  if  a  transit  ])c  used. 

This  problem  also  admits  of  a  graphical  solution  upon  an 
artificial  globe.  Thus  if  the  two  arcs  PS  and  PS^  he  drawn  from 
any  assimied  point  P  on  the  globe,  making  the  angle  SPS^ 
with  one  another,  and  if  two  small  circles  be  descril)ed  with 
S  and  S^  as  centres,  and  ha\-ing  angular  radii  equal  to  the  zenith 
distances  of  those  points  founrl  from  the  observations;  the  inter- 
sections of  those  circles  is  the  position  of  tlic  ol)ser\er"s  zenith; 
whose  angular  distance  from  P  is  the  co-latitude.  As  the  circles 
must  intersect  in  two  points,  the  solution  is  ambiguous,  but  in 
practice  an  observer  has  always  a  knowledge  of  his  latitude 
sutficiently  close  to  enabU'  liini  to  determine  which  of  the  two 
^■alues  applies  to  his  ])osition. 

There  is  another  graphical  solution  of  this  prol)Ieni  which 
may  be  constructed  u])on  a  terrestrial  glol)e,  and  wliicli  will 
serve  to  determine  the  longitude  as  well  as  the  latitude,  if  a 
chronometer  is  used  in  the  observations  whose  correction  on 
Greenwich  time,  or  on  that  of  some  known  meridian,  is  given. 
'I'his  method  is  brietl\  as  follows:  If  the  zenith  distance  of  a 
star  be  observed  at  anv  ])oint  on  the  earth's  surface,  the  position 
of  that  i)oint  must  lie  on  the  circumference  of  a  small  circle, 
traced  on  the  surface  of  the  globe,  whose  angular  radius  is  the 
zenith  distance  of  the  star,  and  whtX'^e  centre  is  the  jioint  <^n  the 
earth's  surface  o\-er  which  the  star  is  \-crtical  at  the  instant  of 
observation.  This  latter  i)oint  is  situated  ,it  the  intersection  of 
the  meridian  whose  longitude  is  ecjual  to  the  (Ireenwich  hour 
angle  of  the  star,  with  the  parallel  whose  latitude  is  ecpial  to 
the  star's  declination.  The  observations  thus  furnish  data  by 
which    the   radii    and    the   iiositions   of   the   centres   of   two   such 
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"circles  of  position"  may  be  found  ;  the  declinations  being  of 
course  taken  froan  the  Xautical  Almanac.  The  place  of  observa- 
tion is  then  situated  at  one  of  the  points  of  intersection  of  the 
two  circles  thus  found.  That  there  are  two  points  of  inter- 
section shows  that  there  are  always  two  points  on  the  earth's 
surface  at  which  the  same  observations  may  be  taken  at  the 
same  instant  of  time.  As  the  position  of  a  point  is  best  deter- 
mined by  two  circles  which  intersect  at  right  angles,  the 
observer  using  this  method  will  consequently  choose  two  stars 
udiose  azimuths  differ  by  90°,  as  nearly  as  possible. 

All  the  methods  above  described  depend  upon  altitudes  of 
heavenly  bodies,  which  are  affected  by  refraction,  and  which 
must  be  corrected  therefor:  some  methods  will  now  be  given  in 
which  the  observed  quantity  is  not  affected  by  refraction.  The 
first  to  be  considered  is 

(6)      By  transits  of  stars  across  the  prime  vertical. 

Any  star  whose  declination  lies  between  the  limits  0°  and  </> 
will  cross  the  prime  vertical  twice  in  its  diurnal  course.  In 
Fig.  4,  5"  and  S^  are  the  two  positions  of  a  star  when  on  the 


Fig.  4 


prime  vertical,  if  now  the  sidereal  times  of  transit  of  a  star  be 
observed  b}-  means  of  a  transit  instrument  adjusted  in  the  prime 
vertical,  the  elapsed  interval  of  time  between  the  transits  gives 
the  angle  SPS^,  and  from  tlie  efjuality  of  the  two  triangles  ZPS 
and  ZPS^  it  follows  that  half  the  observed  interval  of  time  be- 
tween the  transits  is  ecpial  to  ZPS.  the  hour  angle  of  the  star 
when  Mil  the  prime  \-ertical.  The  azimuth  of  the  star  being  90° 
we  ha\e  at  once  the  relation 

,       ^  tan  8  (14) 

tan  (b  ^= 

cos  t 

which  gi\es  the  latitude. 

The  altitude  and   hour  angle  of  a  star  when  on   the  prime 

vertical,  the  latitude  being  known  approximately,  are  given   bv 

the   cf|uations 

.     .         sin  8  ^  tan  8  (15) 

sin  n  =  —. cos  t  =  ^ 


sin  <fi 


tan  <f> 
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and  the  sidereal  time  of  transit  then  follows  from  the  relation 

O  =  a  -\-  t 
These  quantities  are  necessary  in  preparing:  for  an  observation. 

This  method  is  not  much  used  with  small  instruments,  but 
with  the  portable  astronomical  transit  instrument  it  is  one  of 
the  most  accurate  methods  known  for  determining  latitude.  It 
was  at  one  time  much  used  for  field  observations,  but  has  been 
superseded  by  Talcott's  method.  \\  ith  the  more  precise  instru- 
ment a  considerable  departure  is  made,  in  the  reduction  of  the 
observations,  from  the  simplicity  of  the  method  by  equation 
(14),  account  beino;  taken  of  the  small  deviation  of  the  instru- 
ment in  azimuth,  the  inclination  of  the  rotation  axis,  and  the 
collimation  constant;  and  in  some  of  the  modifications  of  the 
method  the  azimuth  and  collimation  constants  are  determined 
by  the  observations  themselves,  so  that  their  eiTect  upon  the 
resulting  latitude  is  entirely  eliminated. 

Another  method  which  has  recently  been  developed,  and 
should  prove  a  useful  one.  is 

(7)   By  observations  of  stars  at  elongation. 

When  at  elongation  the  parallactic  angle  of  a  star  is  a  right 
angle,  and  the  following  relation  exists  between  the  azimuth  and 
declination  of  the  star  and   the  latitude  of  the  place. 

,  cos  8 

sin  .1  = 7 

cos  cf> 

If  now  there  are  two  stars  that  arc  at  elongation  within  a 
few  minutes  of  each  other,  one  east  and  the  other  west  of  the 
meridian,  then  we  have  the  two  equations: 

cos  8,  .       ,  cos  8,  (16) 

sm    i,  = r  sm  --i.,  =  -=- 

cos  (fj  '  cos  (p 

whence 

sin  A^    _^    cos  8, 

sin  -io  cos  So 

from  which  by  composition  and  division  we  have 

sin  .-i,  -h  sin  A., cos  8^  -\-  cos  8.. 

sin  .i,  —  sin  ./._,  cos  8i  —  cos  So 

From   this  we  find 
tan  y2  (A^  +  A.^  = 

—  cot  /.   (8,  -f  L)  cot  K^  (8,  —  8,)    tan  'A   (A,  —  A.^ 
or      tan  i^  (^,  —  A^)  = 

—  tan  V2  (A^  +  A^  tan  V,  (8,  -f  8,)  tan  '  :>  (8,  —  8,)      ( l/~) 
Now   the   sum    of   the   azimuths   of   the    two    stars   may   be 

observed  by  pointing  the  telescope  of  a  transit  to  the  .stars  in 
turn,  when"  at  elongation,  and  reading  the  horizontal  circle  at 
each  pointing;  the  difference  of  the  readings  is  the  sum  of  the 
azimuths.  On  finding  the  difference  of  the  azimuths  by  ecjua- 
tion    (17).   the   sum    and   difference   then   give   the   separate   azi- 
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muths.     l"he  latitude  then  follows  from  either  of  the  equations: 

cos  8i  cos  8,  (18) 

cos  rf>    =  —. y-  =  — : t" 

sin  A^  sin  A^ 

It  can  be  shown  theoretically  that  the  best  stars  for  observ-a- 
tion  are  those  whose  declinations  exceed  the  latitude  as  little 
as  possible,  and  therefore  whose  azimuths  are  large  and  zenith 
distances  small  when  at  elongation.  There  is  a  practical  limit, 
however,  beyond  which  this  principle  cannot  be  carried  ;  as  at 
small  zenith  distances  the  effect  of  inclination  of  axis  or  collima- 
tion  error  becomes  very  marked.  The  former  varies  as  the 
cotang..  and  the  latter  as  the  cosec,  of  the  zenith  distance,  and 
therefore  the  errors  in  these  adjustments  will  be  multiplied  by 
those  ratios,  so  that  fhe  total  effect  of  instrumental  errors  may 
be  very  noticeable.  This  effect,  however,  may  be  largelv  elimi- 
nated by  observing  a  second  pair,  or  each  alternate  pair,  of  stars, 
with   the  instrument  reversed. 

The  above  method  was  due  to  Prof.  J.  S.  Corti.  of  the 
National   Engineering  School,   San   Juan    ( Arg.    Rep.) 

A  few  years  ago  the  writer  adapted  this  method  to  the 
observation  of  any  number  of  stars  on  a  given  night,  obser\'ing 
east  and  west  stars  in  any  order,  but  preserving  an  approximate 
equality  in  their  numbers.  Each  star  observed  furnishes  an 
equation  of  the  form 

d  <f)  tan  <^^  -   f  tan  8   =  rf  K  cot  A^  (19) 

1       /  cot  8 


sin  1"       sin  A^  cos  <^' 
in  which 

<^'   denotes  an   assumed  approximate   value  of  the   latitude, 

d^  a  correction  to  this  value,  to  be  determined, 

c  the  collimation  constant  of  the  instrument 

d  R„  a  correction   to  R„\  the  assumed   meridian   horizontal 
circle   reading 

A^  an  api)riiximate  azimuth  of  the  star,  given  bv  the  equation 
A'  =  (R^  ^  b  tan  h)  —  R,,' 
where 

/?'   is  the  hori/Miital   circle   reading  on   limiting  to  the  star, 
and 

b  the  inclination  of  the  horizontal  axis. 

Upper  signs  are  to  be  used  for  an  eastern  elongation,  and 
lower  signs  for  a  western. 

The  unknowns  in  the  abo\e  ef|uation  are  </<^  c  and  d  R„.  .\n 
equation  is  formed  for  each  star  observed — the  number  of  stars 
being  at  least  three — and  the  resulting  equations  are  soKcd  by 
least  squares.  As  the  collimation  C(instant  is  determined  by 
the  reduction  its  effect  is  eliminated  from  the  result. 

An  account  of  this  method  by  the  writer  i.*5  gi\cn  in  Xo.  16 
of   the    transactions    of   the    Engineering   Society. 

The  above  methods  for  determining  latitude  arc  the  best 
available  when  the  most  precise  results  arc  desired.     There  are. 
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however,   some     approximate     methods     which     are     sometimes 

useful  to  the  explorer ;  as,  for  instance,  that  by  observing-  the 

azimut'h   of  a  heavenly   body   with   a   compass,   when   rising  or 

setting;  or  by  observing  the  rate  of  change  of  zenith   distance 

of  a  heavenly   body   when   near   the   prime   vertical.     This   last 

method  deserves  perhaps  more  than  a  passing  notice,  on  account 

of  the   ease  with   which   it   can   be   applied.      By   differentiating 

equation  (8)  we  have 

,      d  Ji 

cos  h  —, :=  —  COS  <f>  cos  6  sin  t 

a  t 

or  d  t,  cos  <^  cos  8  sin  t 


dc 

d  t 

sin 

t 

cos 
dC 

h 

cos  h 

But  sin  t    sin  A 

cos  8 

cos  </)  sin  A 


or 


d  f 

COS  </)  =  "T^    cosec  A  (20) 


the  required  expression  for  the  latitude. 

This  formula  can  best  be  applied  by  noting  the  interval  of 
time  that  the  sun  requires  to  c*hange  its  zenith  distance  by  an 
amount  equal  to  its  angular  diameter,  by  observing  its  transit 
across  the  horizontal  thread  of  a  transit,  which  is  firmly  clamped 
in  altitude.  The  observation  may  also  be  taken  with  a  sextant, 
by  noting  the  times  of  contact  of  the  two  images  of  the  sun, 
keeping  the  index  firmly  clamped  during  the  observation.  The 
sun's  angular  semi-diameter  is  given  by  the  Xautical  Almanac, 
which  is  'half  the  change  of  zenith   distance. 

The  advantage  of  the  method  lies  in  the  fact  that  the  de- 
clination of  the  sun  does  not  enter  into  the  problem  :  and  this 
statement  also  applies  to  refraction,  as  the  altitude  is  the  same 
at  both  contacts.  If  the  observation  is  made  near  the  prime 
vertical  the  azimuth  need  only  be  known   approximately. 

To  s'how,  however,  that  caution  must  be  observed  in  using 
these  approximate  methods,  we  shall  determine  the  eff'ect  of 
a  small  error  in  the  observed  interval  dt.  Differentiating  equa- 
tion (20)  we  find 

.  . djdt) 

"^  ~     dt  tan  <t>  sin   1"  (21) 

which  shows  in  the  first  place  that  the  error  diminishes  as  the 
latitude  increases,  assuming  that  large  and  small  values  of  dt 
can  be  observed  with  ecjual  precision.  Then  applying  the  expres- 
sion to  an  example  bv  taking 

d  (dt)  =  1"       dt  =  2 17. '6      (^  =  43°  40' 
we  find  d<j>  =  16'  33" 

whic'h  is  the  error  in  the  latitude  resulting  from  an  error  of  l" 
in  the  observed  time  interxal.  Tt  is  clear  then  that  it  is  only  by 
taking  t'he  mean  of  the  results  of  a  large  number  of  observations 
that  we  can  hope  Xo  obtain  even  an  approximation  to  the  truth. 
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DISCUSSION— THE  YOUNG  CIVIL  ENGINEER 

DISCUSSIOX  BY  IIEXRY  W.   HODGE 

At  Air.  Stern's  request  I  join  in  the  discussion  of  his  article 
on  "The  Young-  Civil  Engineer."  though  I  do  not  think  that  I 
can  add  anything  of  value  to  his  able  advice  to  the  technical 
graduate. 

The  technically  educated  engineer  is  rapidly  advancing  the 
profession  of  civil  engineering,  and  we  are  no  longer  looked  uj)on 
as  high  grade  mechanics,  as  we  were  but  a  short  time  ago,  but 
the  public  recognize  the  modern  civil  engineer  not  only  as  a  man 
of  high  scientific  training,  but  also  as  a  public  benefactor,  as  his 
achievements  have  made  him  a  leader  in  advancing  the  develop- 
ment of  the  earth's  natural  resources  and  ]>ringing  the  benefits  of 
modern  civilization  within  the  reach  of  all.  It  should,  therefore, 
be  the  aim  of  all  young  engineers  to  keep  advancing  this  standing 
of  the  profession,  and  this  can  only  be  done  by  men  of  well 
rounded  education  and  general  knowledge  ;  men  who  can  favor- 
ably impress  other  men,  and  who  can  "shine"  not  only  among 
their  own  professional  associates  who  know  their  technical 
ability,  but  also  among  men  of  other  walks  of  life  who  must  be 
impressed  with  their  ability  l^eforc  they  will  entrust  great  enter- 
prises to  their  direction. 

Therefore,  I  would  advise  every  young  engineer  t(^  try  to 
add  to  his  general  knowledge,  either  by  a  classical  course  in  col- 
lege or  by  reading  and  travel,  so  that  he  will  have  a  general 
knowledge  of  matters  outside  the  world  of  science,  in  which  we 
are  apt  to  become  uninteresting  "exjierts." 

While  Air.  Stern's  advice  to  change  early  ])ositions  occasion- 
ally so  as  to  gather  varied  experience  is  good.  I  have  found  the 
young  engineer  rather  inclined  to  change  too  often,  as  he  finds  the 
doing  of  the  same  thing  for  a  length  of  time  monotonous,  and 
gets  tired  and  desires  a  change,  so  that  he  is  liable  to  lose  that 
absolute  confidence  which  comes  only  by  doing  a  thing  until  it 
becomes  second  nature,  so  my  advice  is  to  learn  to  do  at  least 
one  thing  thoroughly,  and  if  you  can  properly  apply  this  special 
ability,  you  are  bouixl  to  succeed.  There  are  many  brilliant  en- 
gineers who  are  unknown  because  they  have  not  the  ability  to 
impress  their  knowledge  on  men  who  require  engineering  ser- 
vices. You  must  not  only  be  confident  of  your  own  ability  to 
carry  out  great  engineering  undertakings,  but  }-ou  must  l)c  aide 
to    make    the    "cai)tains    of    industry"    and    the    "'Xaiioleons    of 

Henry  W.  Hodge,  Consulting;  I^nji'ineer.  Xcw  NOrk  City.  Mr.  Hodpe  is  a 
graduate  of  Rcnsaeller  and  a  nieniher  of  the  tirni  of  RoUer  &  Hotlye. 
who  are  tlie  k-ading  bridge  engineers  in  professional  praetice  in  the 
United  States.  They  have  just  been  recently  retained  as  engineers  for 
the  new  bridge  to  built  over  the  Mis>issippi  River  at  St.  Louis.  They 
were  also  the  engineers   for  the   Singer  Tower.    Xew   York   City. 
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finance''  share  your  confidence,  and  to  do  this  you  must  make 
clear  and  concise  statements  of  engineering  matters,  and  yet  free 
from  details  and  technicalities  which  only  confuse  the  man  of 
afifairs.  you  must  be  able  to  write  a  short  letter  that  clearly  de- 
fines the  subject  matter,  and  you  must  at  all  times  be  sure  that 
your  employer  is  confident  that  you  know  what  you  are  about 
and  can  rid  himself  of  all  responsibility  in  the  assurance  that  he 
has  a  fully  competent  engineer  with  good  technical  training. 
With  a  broad  general  knowledge  of  men  of  the  world,  and  a 
personality  which  impresses  men  with  your  ability,  you  are 
bound  to  succeed,  as  never  was  the  engineering  field  so  large  or 
the  demand  for  engineers  who  have  the  knowledge  and  the  dar- 
ing to  attempt  large  enterprises  so  great. 

DTSCUSSIOX   BY   ROBERT   BREWSTER   STAXTOX. 

^Ir.  Eugene  W.  Stern  has  requested  me  to  discuss  his  paper 
'"The  Young  Civil  Engineer."  published  in  the  January  number 
of  "Applied  Science."  Mr.  Stern's  paper  covers  the  field 
so  well  as  to  character,  duties  and  work  of  a  young  civil  engineer 
which  should  tend  to  make  him  a  success  in  his  chosen  profes- 
sion, that  I  have  but  one  remark  to  make  upon  the  paper  as  it  is. 

The  qualifications  required  to  start  with,  given  by  Mr.  Stern 
as  "endurance  of  mind  and  body.  ada])tability.  thoroughness, 
efficiency,  intensity  and  imagination  for  ])()ssil)ilities,"  and  all  the 
other  good  qualities  enumerated,  are  magnificent  traits  of  char- 
acter, but  they  are  not  necessarily  peculiar  to  the  make  up  of  an 
engineer.  They  are  all  good  and  serviceable,  but  just  as  appli- 
cable to  any  other  profession,  trade  or  occujiation.  The  real — 
and  hence  successful — engineering  rcfpiircs  something  else 
to  start  with. 

One  of  my  assi^■ta^ts  in  llie  l)uil(ling  of  tlie  C'iucinnati  ."^(^uth- 
ern  Railway,  after  spending  several  years  on  that  work  in  the 
Cumberland  Mountains  of  East  Tennessee,  gave  the  (pialifi- 
cations  of  a  young  engineer  thus: — "He  must  be  C()mi)osed  of 
one-third  mule,  one-third  dog  and  one-third  angel  :  the  mule  to 
be  able  to  stand  tlic  labor,  the  dog  to  stand  the  kicks,  and  the 
angel  to  enable  him  to  carry  through  his  wotl'C  in  a  cheerful  man- 
ner." These  cpialities  were  peculiarly  requisite  during  the 
earlier  railroad  construction  in  the  Rocky  Mountain  region  and 
beyond,  where  he  later  went.  P)Ut  niy  friend  left  (nit  the  one 
pre-re(|uisite — a  (|uality  which  he  himself  did  not  possess.  He 
had  nearly  all — if  not  every  one — of  the  (pialities  enumerated  by 
IVIr.  Stern,  and  a  technical  education  far  supcric^r  to  most  suc- 

Robert  B.  Stanton.  W'w  York  Cit\.  Mr.  St.nnti^ii  is  a  cnnsnitins'  and  mining 
engineer  \vitli  an  international  reputation.  Tn  iS8o  lie  made  a  .survey 
through  the  Grand  Canyon  of  Colorado — a  very  daring  undertaking.  He 
has  also  explored  in  Sumatra  and  Java.  He  is  a  graduate  of  Miami 
Universitv. 
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cessful  engineers,  and  yet  he  soon  cjuil  engineering-  and  went  to 
farming. 

This  pre-requisite  necessity  of  which  I  am  speaking  is  very 
hard  to  detine  accurately.  To  begin  with,  the  engineer — Hke  the 
poet — is  born,  not  made,  and  in  that  horning  he  is  given  a  quahty 
which  I  may  call  the  engineering  instinct,  which  can  be  acquired 
in  no  other  way.  We  all  recognize  the  fact  that  there  is  an 
indescribable  quality,  trait  or  something  that  goes  to  make  the 
poet,  the  artist,  which  all  the  good  qualities  of  body,  mind  or 
soul,  and  all  the  education  in  the  world  cannot  produce,  though 
they  may  train  and  improve  it.  Is  it  not  so — and  even  to  a 
greater  degree — with  the  profession  of  engineering — whether 
civil,  mining,  mechanical,  electrical  or  wdiat  not? 

If  this  is  so,  then  the  first  thing  for  a  young  engineer — or 
more  properly  speaking,  a  yovmg  man  who  hopes  some  day  to 
become  an  engineer — is  to  find  out  whether  he  possess  that  in- 
born instinct.  How,  with  his  want  of  experience,  is  he  to  satisfy 
himself  of  this  fact?  That  is  not  an  easy  question  to  answer, 
but  the  evidence  of  the  fact  begins  wnth  a  love,  a  real  all  pervad- 
ing love,  of  doing  things  for  the  very  sake  of  the  things  accom- 
plished ;  that  is,  a  love  of  accom])lishing  such  things  as  are 
included  in  the  noted  definition  by  Telford  of  the  profession  of 
civil  engineering,  found  in  the  first  charter  <if  the  Institution  of 
Civil  Engineers.  The  lo\-e  will  liecome  stronger  and 
stronger,  and  when  it  i^;  founded  on  that  true,  inborn 
instinct,  one  can  no  more  help  being  an  engineer  than  he  can 
help  breathing  and  continue  to  exist.  1  s]>ent  many  years  with 
Mr.  Jacob  lUickensderfer,  that  famous  railway  engineer  of  the 
west,  in  locating  and  building  some  of  the  early  Rocky  Mountain 
and  Pacific  railways,  and  I  said  to  him  one  day  while  he  was 
Chief  Engineer  of  the  I'nion  Pacific  and  nearly  ~o  years  old, 
"Mr.  Pdickenderfer.  why  don't  you  quit  such  trying  work  and 
rest?"  lie  rci)lie<l.  ""I  know  it  is  a  dog's  life,  but  I  can't  ([uit. 
I  love  it." 

This  naiural  born  loxe  of  an  engineer's  work  should  noi  be 
confused  with  ordinary  "bent  of  mind  ;"  I  think  it  is  something 
more.  Robert  lUuiis  had  a  bent  of  mind  for  several  things 
other  than  i)oetry,  but  it  was  his  poet's  nature  and  i)oet's  love  that 
com])elled  him  to  write  tlu)se  sweet  songs  that  have  touched  the 
hearts  of  men  and  women  all  over  the  world. 

The  young  man,  then,  the  ])r(^spective  engineer,  having  dis- 
covered that  he  possescs  that  inborn  instinct,  what  is  his  next 
step?  Educate  it,  culti\ate  it,  in  every  way  possible — in  college, 
in  the  university,  in  the  professional  school.  Is  a  thorough 
technical  training  in  advance  absolutely  necessary  for  the  suc- 
cess of  every  engineer?  James  1'.  Eads  was  a  most  noted  and 
successful  engineer — he  was  truly  born  one — yet  he  lacked  in 
his  preparation  for  his  work  that  thorough  technical  training 
such  as  i>  now  gi\cn  in  our  great  engineering  schools,  in  fact,  he 
ne\er  went   to  an\-  school  after  he  was  thirteen.        If  anv  voung 


208  APPLIED   SCIE.XCE 

man  has  the  time  and  means  at  his  disposal  he  should  go  to  the 
very  limit  in  his  education — the  technical  education  of  an  en- 
gineer— that  is.  ac(|uire  the  most  perfect  tools  with  which  to 
execute  his  future  work.  If,  however,  this  cannot  be  done,  there 
is  still  a  place,  and  a  successful  career,  for  a  young  man  with  a 
good,  ordinary  high  school  or  college  education  even  in  the  pro- 
fession of  engineering.  The  necessary  technical  knowledge 
can  be  acquired  as  he  goes  on  with  his  work — in  his  room  at 
night,  or  around  the  camp  fire  in  the  wilderness.  It  has  been 
done  many,  many  times,  and  can  be  done  again,  that  is.  provided 
he  has  been  educated  and  trained  in  his  preparatory  studies  or 
around  the  fireside  at  home,  to  think  clearly,  reason  correctly, 
and  has  the  ability  to  put  two  and  two  together  when  he  sees 
them  separately  in  the  many  conditions  of  nature.  This  may 
seem  a  trite  remark,  but  is  not  the  fact  that  a  large  propor- 
tion of  "young  engineers"  coming  from  the  great  technical  en- 
gineering schools  have  their  brains  full  of  the  details  of  technical 
knowledge,  abstruse  deductions  and  mathematical  formulae — 
usually  only  committed  to  memory — and  with  only  a  minimum 
amount  of  ability  to  think  clearly  and  reason  logically  :  and  the 
saddest  absence  of  the  j^ower  to  put  together  the  various  "twos" 
found  in  nature  which  at  first  sight  seem  to  be  separate  and 
distinct  phenomena,  and  yet  which  are  in  truth  intimately  con- 
nected, and  when  in  many  cases  their  union,  if  recognized,  would 
be  found  to  be  the  direct  cause  of  the  efifect  so  easily  and  clearly 
visible  to  anyone?  And  again,  is  not  the  lack  of  this  ability,  as 
above  staled,  the  cause  of  the  failure  of  so  many  young  men  who 
start  into  the  profession,  to  become  even  "young  engineers"? 
I'his  has  been  my  exi)erience  with  the  majority  of  young  men  who 
have  been  associated  with  me  in  engineering  work. 

A  more  extended  discussion  of  this  i)hasc  of  the  sulijcct  will 
be  found  in  N^ol.  53.  ])age  307.  Trans.  Am.  Soc.  C.  E..  in  the 
writer's  discussion  of  a  i)aper  on  "Lateral  Earth  Pressures." 

In  conclusion,  then,  the  greatest  necessity  for  the  young 
engineer  is.  in  mv  opinion  to  acquire  the  habit  of  logical  analy- 
sis, and  systematic  cinnbiiiaton.  of  the  plu'iionu'ua  of  nature,  and 
in  doing  this,  of  course,  to  exercise  every  c^ne  of  the  manl\- cpuili- 
ties  so  well  set  out  in  Mr.  Stern's  ])a])er. 

niscussiox  m'  otto  m.  I'.inijTz 

1  ha\e  read  .Mr.  .'^tern's  article.  "The  ^'oung  ('i\il  l'~ngineer." 
and  think  that  he  lias  cowrt'd  the  subject  llioroiighly.  I'roni 
actual  experience  in  the  conduct  of  mv  own  business  there  arc 
a  lew  ])oints  that  might  be  aniplitied.  although  he  clearly  indi- 
cates them  in  his  paper.    Man\-  a  graduate  of  a  technical  school 

Otto  j\I.  Eidlitz,  New  York  City.  Mr.  Eitllitz  is  graduate  of  Cornell  Uni- 
versity in  Civil  Engineerinic  of  the  class  of  1881,  and  for  many  years 
has  been  at  the  liead  of  the  must  tlion middy  efiieient  tirm  of  huilders 
in  that  citv. 
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is  under  the  impression  that  if  he  has  made  his  degree  and  re- 
ceived reasona1)le  commendation  from  his  instructors,  the  train- 
ing- he  has  imbibed  at  his  college  will  be  the  means  of  immediate 
and  permanent  employment. 

Although  this  might  have  been  correct  within  limits  fifteen  or 
twenty  years  ago.  it  does  not  hold  to-day,  due  to  the  fact  that 
year  by  year  the  country  is  flooded  with  college  graduates ;  so 
that  to-day  the  personal  equation  counts  as  much,  or  more,  than 
the  work  represented  by  the  diploma. 

The  young  engineer  who  enters  an  employment  to-day  must 
make  up  his  mind  that  it  is  not  so  much  his  technical  training 
which  is  of  import,  as  it  is  his  general  efficiency,  integrity,  exe- 
cutive ability  and  above  all.  his  desire  to  do  as  much  work  as  a 
man  can  do. 

There  are  few  firms  or  corporations  who  will  not.  sooner 
or  later,  recognize  the  unselfish  effort  and  devotion  of  the  coll- 
ege man,  provided  he  does  not  believe  himself  above  the  work 
allotted  to  him.  and  checks  the  tendency  to  lord  it  over  any  of 
his  colleagues  who  may  not  have  had  his  scholastic  opportuni- 
ties. \\  hen  the  opportunity  arrives,  he  may  reasonably  expect 
advancement,  but  he  must  have  patience  to  wait  for  it. 

Many  a  man  handicaps  himself  by  not  remaining  long 
enough  in  one  employment.  If  he  is  only  seeking  an  opportunity 
to  have  his  weekly  salary  increased,  he  very  often  sacrifices  his 
chances  for  ultimate  and  permanent  success  to  secure  immediate 
pecuniary  ad\ancement.  There  are,  of  course,  cases  where  the 
question  of  remuneration  is  crucial,  and  to  that  extent  the  in- 
dividual in  that  condition  is  handicapped. 

When  the  young  engineer  enters  his  career,  whether  pro- 
fessional or  otherwise,  he  should  be  careful  in  the  selection  of 
his  first  or  second  employment,  and  then  stick  to  it  and  show 
by  his  efforts  that  his  whole  aim  and  object  in  life  is  to  give  the 
best  that  is  in  him  for  the  advancement  of  the  interests  of  the 
employment  with  wiiich  he  is  associated.  If  he  does  this  and 
has  not  an  inflated  idea  of  his  own  value,  he  will,  within  a 
reasonable  time  become  of  importance,  and  advancement  will 
follow.  He  should  not  measure  his  efforts  in  hours,  but  let 
his  employer  appraise  them  by  the  results  achieved.  lie  should 
never  forget  that  there  are  many  abler  men  who  are  looking  for 
his  jilace  and  who  arc  only  ])revcntcd  from  securing  it  by  the 
devotion  and  intensity  of  effort  which  the  incumbent  displays. 

lir  should  realize  that  a  mistake  may  occur,  bin  a;jpreciatc 
thill  most  employers  will  condone  it  if  it  be  frankly  acknow- 
ledged, but  that  a  concealment  or  prevarication  surelv  spells 
disaster. 

In  short,  a  college  training  is  of  great  value,  but  manhood 
is  of  vital  importance  and  will  frec|ucntly  command  greater  res- 
pect and  more  immediate  recognition  than  technical  gifts. 
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DISCUSSION   BY  LOUIS  L.   BROWN 

I  have  read  with  a  great  deal  of  interest  Mr.  Eugene  W. 
Stern's  article  entitled  "The  Young  Civil  Engineer,"  a])pearing 
in  the  January  issue  of  Applied  Science. 

There  is  no  question  about  the  vast  importance  lo  anv 
young  man  entering  the  engineering  profession  of  getting  his 
start  right.  There  is  a  great  deal  of  practical  experience,  both  in 
the  office  and  in  the  s'hop  and  field,  that  is  a'bsolutely  necessary 
for  an  engineer  to  have  obtained  in  order  to  have  a  thorough  grasp 
of  his  profession.  This  experience  can  only  reall}^  be  obtained 
while  he  is  young  and  willing  to  stand  for  a  great  deal  of  knock- 
ing around,  and  to  pitch  in  and  work  in  very  subordinate  posi- 
tions. I  have  known  young  engineers  working  as  regular  labor- 
ers on  construction  work. 

No  one  can  successfully  direct  and  handle  others  until  he 
has  learnt  by  practical  experience  how  it  feels  to  be  bossed. 

Mr.  Stern  has  covered  the  ground  he  attempted  to  in  his 
article  admirably  and  I  might  say  exhaustivelv.  An\-  young 
engineer  starting  out,  who  reads  this  article,  and  lives  up  to  it. 
will  certainly  be  heard  from  if  he  has  any  natural  al^lity  at  all. 

DISCUSSION  BY  T.   II.  ALISON 

^llie  writer  has  l)een  rcfjucstod  to  discuss  the  s])len(lid  pa])er 
"The  Young  Civil  Engineer,"  l)y  Mr.  I"..  W.  Stern.  It  certainly 
portrays  necessary  qualifications  and  their  disposition  in  order 
to  gain  success  by  our  young  and  old  graduates  in  the  engineer- 
ing world.  Many  such  characteristics  are  necessary  to  the  suc- 
cess of  an  individual  following  any  profession,  but  certain  factors 
are  especially  required  of  a  young  civil  engineer. 

Advice  has  always  been  sought,  souglit  of  the  more  suc- 
cessful, but  alas!  it  generally  accomplishes  little  or  nothing  as 
it  necessitates  a  perfect  knowledge  of  the  thought  and  conditions 
under  which  the  seeker  labors.  Should  a  young  man  admire 
the  personality,  work  and  success  of  an  older  man,  it  is  advisable 
that  he  draw  out  the  latter  in  discussing  his  aft'airs  and  ex])eri- 
ences.  In  this  way  many  ideas  are  secured  which  may  inlluence 
the  younger  man  in  determining  what  course  he  will  f.ijlow.  Ere- 
(|uently  the  young  graduate  has  no  particular  inclination,  in 
which  case  the  sooner  he  secures  an}'  engineering  ])osition.  the 
sooner  he  will  find  his  natur;i!  l)eii(I. 

Some  are  bm-n  bright  and  oiliers  ac(|uire  l)riglitness  l)_\  per- 
sistent   plodding.      All    pl(Ml    in    the    engineering   ]n-otession.    and 

T.  M.  .Uisoii,  I4<)  RKiadway.  Now  \'()rk  City.  .Mr.  .Mi.son  is  a  iiradiialc  ..f 
tlio  School  of  Practical  Science  of  the  class  of  iNoj.  ami  is  chief  en.uineer 
of  tlic  Augustus  Sniitli  Co. 

L.  L.  Brown  is  a  graduate  of  the  School  of  Practical  Science  of  the 
year  181)5.  and  he  is  a  thoroughly  experienced  civil  engineer  on  construc- 
tion, lieing  associated  with  >;onic  of  the  nio'-l  important  erections  ni 
Iniildings    in    New    ^'o^k    Cilv. 
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whether  or  not  one  is  naturally  observant  and  incjuisitixe.  it  is 
essential  that  these  two  of  many  qualities  be  cultivated.  Obser- 
vation causes  one  to  think,  deduce  and  contrast.  Whatever 
appears  in  the  broad  ens^ineering'  world  has  been  executed  for  a 
specific  purpose.  AMiether  it  be  well,  reasonably  or  poorly 
rendered,  it  opens  the  channels  of  thought  and  from  this  one  will 
deduce  and  contrast.  Constant  observation  will  stack  a  well 
stored  mental  library  wdiich  cannot  be  taken  away,  and  while 
books  are  indis])ensible.  yet  the  truly  cultivated.  ])ractical,  ob- 
servant, mind  will  far-out-act  the  book-worm  and  note-book  fad- 
dist. It  is  \\'ell  to  remember  that  the  minutest  detail  has  its 
good  purpose  in  a  u'ell  designed  article  or  structure.  Observa- 
tion is  the  best  means  towards  improvement.  As  a  leading 
graduate  has  said :  "I  never  designed  the  same  type  of  work 
twice  without  imjiroving  on  the  first,  and  when  the  second  is 
finished  I  see  how  to  improve  again." 

Jnquisitiveness.  the  suppresser  of  pride,  is  not  a  failing  in 
the  young  graduate.  He  is  too  prone  to  rely  on  the  accrued 
theoretical  knowledge  gained  at  college.  There  is  not  a  mechanic 
or  laborer  who  cannot  give  practical  reasons  indispensable  to  the 
young  graduate.  Upon  seeking  advice  of  one  of  the  leading  en- 
gineers a  graduate  was  told:  "My  boy.  my  only  recommenda- 
tion to  you  is  to  ask  questions.  Never  turn  your  back  on  an 
open  drain  if  there  appears  something  of  which  you  desire  to  be 
informed.  Some  of  the  best  points  I  have  gained  have  been  from 
conversation  with  common  laborers."  Certainly  the  (piestion 
of  inc|uisitiveness  can  be  carried  too  far.  and  a  reasonable  and 
common-sense  degree  only   is  advocated. 

Mr.  Stern's  paper  has  outlined  in  a  comprehensive  and  efficient 
manner  the  many  characteristics  of  an  ideal  engineer.  It  is 
worthy  of  close  attention,  and  as  the  graduates  grow  older,  no 
doubt  they  will  realize  more  forciblx'  the  good  sense  therein 
contained. 

Xo  attempt  has  been  made  to  criticise  Mr.  Stern's  i)aper.  but 
these  two  ])oints  aj^peal  to  the  writer  as  being  very  essential. 

Drive  the  nail  "observation"  home  with  the  haninu-r  "iiKjuisi- 
tiveness." 

DISCUSSIOX    I'.V  J.\S.    II.   KEVXI'.DV 

Having  read  with  consideral)lc  pleasure  the  admirable  article 
of  Mr.  E.  \\\  Stern  in  the  January  .\])i)lied  Science,  it  has  oc- 
curred to  me  that  Mr.  ."-^tcrn  has  passed  over  too  hastily  the 
real  question  u])perniost  in  the  mind  of  the  student  as  he  is 
about  to  graduate  from  the  college  and.  as  the  editor  invites  a 
discussion  of  the  ])a])er.  I  cannot  resist  the  temjitation  to  write 
for  till'  benefit  of  a  few.  at  least,  of  the  students  i)i  our  Alma 
Mater  a  few  thoughts  that  it  is  hoped  may  be  of  use  to  them. 

If  memory  ser\es  me  correctly,  when   I    was  leaving  school 

Jas.  11.  Kcniu'dy— .\  lir.uliiati'  of  tlic  Sclio..!  of  Practical  Science.  '8j.  He 
is  .'Ksst.  Cliief  ICiiiiiiui. r  of  the  Vancouver.  \'ictoria  &  I-'a-terii  Railway  & 
Navigation  Co. 
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the  question  was  not  so  much  "What  shall  I  do  next?"  as  "Shall 
I  find  anything  to  do^"  and,  judging-  from  the  number  of  appli- 
cations for  employment  received  every  spring  for  several  years 
back,  not  only  from  graduates  of  our  Alma  Mater  but  from  many 
other  colleges,  a  great  many  others  have  been  face  to  face  with 
the  same  momentous  question,  and  it  will  ever  be  so. 

To  the  young  graduate  the  matter  of  seeking  his  first  em- 
ployment is  the  event  of  his  lifetime,  and  a  little  wholesome  ad- 
vice at  this  point  of  his  career  from  one  who  has  not  only  been 
through  the  mill  and  written  many  applications,  but  has  been 
the  recipient  of  a  fair  share  of  the  letters  of  not  only  students  of 
our  Alma  Mater,  but  of  many  other  colleges,  may  be  a  benefit 
to  him.  It  is  a  fact  that  there  are  but  few  young  graduates  or 
undergraduates  who  know  how  to  write  a  letter  to  an  entire 
stranger  asking  for  employment  and,  in  making  this  statement. 
it  is  not  insinuated  that  Toronto  students  are  any  greater  sinners 
in  that  respect  than  those  of  other  colleges  and  schools.  The 
matter  of  writing  a  letter  making  application  for  employment 
is  of  considerably  more  importance  than  the  average  student 
has  any  idea  of.  Many  a  young  fellow  upon  learning  of  a  prob- 
able chance  of  employment,  dashes  off  a  few  lines  carelessly  as  if 
the  whole  world  were  waiting  for  him  to  get  it  done,  never  think- 
ing of  correcting  his  writing  or  perhaps  his  spelling,  signs  it 
with  a  flourish  and  addresses  it  to  an  entire  stranger  with  the 
hope  of  receiving  a  favorable  reply.  Now.  I  have  received 
many  such  letters  and  it  may  be  interesting  to  some  of  the  boys 
to  hear  what  becomes  of  their  letters.  Of  course  they  are  all 
placed  on  file  for  future  reference.  Strangers  are  seldom  em- 
ployed while  a  worthy  knovv^n  young  man  is  available.  This 
fact  of  itself  is  generally  a  hardship  upon  the  worthy  student 
leaving  college,  but  assimiing  there  are  no  available  known 
men  when  the  slaff  is  to  be  increased,  the  file  of  applications  is 
taken  d(jwn  and  letters  compared.  My  advice  to  a  young- 
graduate,  if  he  feels  he  should  make  application  to  a  stranger 
for  employment  would  be  to  make  it  his  very  best  effort,  give  it 
his  very  best  thcrtight.  express  his  meaning  clearly,  and  in  a  busi- 
ness like  way  without  flourishes  or  half  written  words,  and  sign 
his  name  in  a  way  so  there  will  be  no  mistaking  it.  In  other  words 
write  a  letter  that  will  show  up  to  advantage  among  a  hundred 
others,  or  do  ncjt  write  at  all.  What  chance  has  a  man  who 
dashes  off  a  signature  lliat  re(|uires  the  aid  of  the  whole  office 
.staff  to  decijjher  it?  Many  letters  r.re  received  that  the  contents 
can  be  easily  read  I)ul  the  signatures  are  incomprehensible  and 
they  are  consigned  to  the  waste  ])aper  basket.  Other  things  be- 
ing e(|ual  the  man  who  writes  carefully  and  with  all  details  accu- 
rate will  be  considered  careful  in  matters  of  detail,  and  will  be 
likely  to  succeed  while  a  slipshod  writer  will  be  rejected  on 
account  of  the  fear  of  slipshod  work.  Nor  should  he  resort  to 
typewriting  instead  of  showing  ni)  his  handwriting.  Many  make 
this  mistake,     in  order  to  succeed  it  is  is  not  onh-  necessarv  for 
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the  application  to  be  on  file  when  a  vacancy  occurs,  but  there 
must  be  something  in  that  letter  to  lead  to  the  expectation  that 
the  writer  is  in  some  way  superior  to  the  w^riters  of  the  other 
letters;  and  there  must  be  no  available  known  worthy  man  in 
sight  for  the  vacancy.  Consequently  the  chances  of  securing 
employment  by  written  application  at  best  are  not  at  all  encour- 
aging; but  sometimes  do  succeed.  In  this  connection  if  a  per- 
sonal reference  be  excusable  the  writer  has  on  many  occasions, 
when  temporarily  out  of  employment,  written,  asking  for  em- 
ployment, but  not  in  a  single  instance  was  a  situation  ever 
obtained  by  a  written  application  to  an  entire  stranger.  Pos- 
sibly nobody  succeeded  in  reading  the  signature ;  but  on  the 
other  hand,  in  the  last  few  years,  of  the  several  hundreds  of  ap- 
pHcations  received  from  other  unfortunates,  possibly  not  more 
than  twenty  w^ere  successful,  which  is  but  a  small  percentage  of 
the  total  men  employed;  and  that  at  a  time  when  there  seemed 
to  be  work  for  everybody. 

To  the  graduate  especially  who  wishes  to  take  up  railway 
work,  if  possible  for  him  to  do  so.  the  writer's  advice  would  be 
instead  of  writing  letters  and  awaiting  rei)lies.  to  go  personally 
to  where  work  is  in  progress,  and  be  on  the  ground  when  the 
vacancy  occurs.  Drop  into  the  first  opening  that  offers,  whatever 
it  may  be.  and  thus  he  will  form  acquaintances  among  the  men 
who  are  doing  things,  and  in  this  way  he  will  work  upward. 
Strive  to  make  up  one  job  lead  up  to  another,  as  it  almost  invari- 
ably does  to  the  man  who  does  his  work  well ;  and  no  man  who 
does  his  w^ork  better  than  his  fellow  workers  will  wait  very  long 
for  an  opportunity  to  move  ujn\ards.  If  he  does  the  fault  will 
probably  be  in  himself. 

DISCUSSIOX  OF  T.  KEXX.\RD  THOMSOX. 

it  is  wiili  much  i)leasure  that  I  accede  to  the  re(|uest  to  dis- 
cuss Mr.  ."^tern's  well  wriuen  ])aper  on  what  a  young  engineer 
should  do. 

There  is  a  very  brilliant  Canadian  girl  in  Xew  York,  the 
sister  of  an  old  classmate  of  mine  and  a  member  of  a  very  brilliant 
Canadian  family,  who  now.  in  one  of  the  Xew  Y<~>rk  dailies, 
answers  letters  from  young  peo])le  seeking  advice.  Her  counsel 
is  always  good  and  to  the  point — but  .she  says  that  people  do  not 
want  advice,  they  merel>'  want  you  to  agree  with  them.  So 
whenever  possible  she  tells  them  what  she  thinks  they  want. 
This  reminds  me  of  a  story  they  tell  of  Roosevelt  (whether  it  is 
true  or  not  I  do  not  know)  to  the  effect  that  he  on  one  occasion 
asked  an  old  lawyer  friend  to  make  a  report  for  him.  His  friend 
said:  "Why  d<Mi't  }ou  ask  one  of  your  cabinet  since  y(iu  have  a 
number  ot    the   brightest    lawyers   in    the   country   around   you?" 

T.  Kcnnarcl  Thomson,  Xew  York  City.  .\lr.  Tliomson  is  a  graduate  of  tlie 
School  of  Practical  Science  in  Civil  Engineering  of  the  class  of  1886.  His 
wide  experience  qualities   him   to  make  an  authoritative  criticism. 
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Roosevelt  is  said  to  have  answered:  "I  have,  but  they  don't 
agree  with  me  on  the  subject." 

As  Mr.  Stern  has  written  on  what  a  young  man  should  do. 
I  will  take  the  liberty  of  writing  more  of  my  personal  experience 
and  try  to  give  some  of  the  ad\'ice  I  received  as  I  went  along 
and  by  which  I  tried  to  profit. 

Before  graduating  in  '86  I  spent  three  summers  on  the  Can- 
adian Pacific  Railway,  starting  at  Medicine  Hat  on  the  South  Sas- 
katchewan River  and  finishing  in  the  Selkirks.  The  first  two 
seasons  were  spent  in  the  bridge  department  under  a  very  able 
engineer,  Mr.  \\\  A.  Doane.  Very  shortly  after  starting,  on 
seeing  in  a  Toronto  paper,  a  very  inaccurately  written  article 
concerning  the  western  country  I  wrote  a  letter  to  the  Toronto 
Globe,  giving  my  impressions  and  asking  what  they  would  pay 
for  similar  ones.  I  was  delighted  to  get  a  prompt  answer  offer- 
ing me  $4  a  column  for  all  I  could  send  them,  so  I  sent  all  I  could 
during  my  three  summers  there.  About  this  time  an  old  gen- 
tleman of  whom  I  thought  a  great  deal,  said:  "First,  write 
enough  to  fill  a  book,  and  then  boil  it  down  to  a  chapter,  and 
then  if  possible,  condense  the  information  to  one  page.  In 
other  words,  cultivate  brevity  and  simplicity.  This  desideratum 
should  apply  to  speakers  as  w^ell  as  to  written  language. 

During  the  summer,  prior  to  graduation.  I  succeeded  in  hav- 
ing myself  transferred  from  the  bridge  de])artment  to  the  field 
so  that  I  obtained  experience  in  every  branch  of  railroad  loca- 
tion and  construction.  I'y  working  every  night  1  was  able  to  fill 
two  good  sized  note  books  with  the  designs  of  all  the  wooden 
bridges  used  on  that  section  of  the  C.  P.  R.  These  notes  were 
used  as  vacation  work  at  college  and  ha\c  since  l)ecn  instru- 
mental in  securing  or  helping  to  secure  several  jobs  in  addition 
to  netting  me  $75  from  a  periodical  wdiich  published  a  few  of 
them.  During  the  first  two  summers  my  jiay  was  $50  a  month 
and  expenses.  This  was  raised  to  ,$75  ])cv  month  and  expenses 
for  the  third  summer. 

On  finishing  my  work  in  '85  in  the  Selkirks  1  scizeti  the  op- 
portunity to  take  a  trip  to  San  Francisco  and  back,  although  it 
made  me  late  in  getting  back  to  college.  T  started  In-  walking 
the  "gap,"  90  miles  in  three  days,  thence  l)v  rail  and  steamer 
to  that  beautifid  "English"  city  of  \"ictoria  and  I)^■  lioat  to  San 
Francisco.  I  returned  by  the  same  rcmte.  As  a  rule,  however, 
whenever  I  had  to  go  to  the  same  place  on  ditterent  occasions 
an  effort  was  made  to  go  by  different  nnites  in  (^rder  to  see  as 
much  of  the  country  as  jiossible.  This  enabled  me  to  see  De- 
troit, Chicago.  Milwaukee.  St.  Paul.  Minneajiolis  and  Winnipeg 
before  graduating.  I  liad  also  visited  the  "Sauli"  and  sailed  the 
Great  Lakes.  As  1  was  fortunate  in  those  davs  in  seeing  a 
great  deal  of  Mr.  James  Ross,  then  manager  of  construction,  an 
opportunity  was  taken  to  ask  him  if  he  considered  a  course  in  a 
European  university  would  be  advisable  after  leaving  the  School 
of  Practical  Science.   Me  said:  "I  used  t(t  work  on  the  same  road 
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as  your  Principal  Gall:)raitli.  lie  is  a  good  engineer  and  a  brainy 
man  and  an  engineer  should  not  need  any  more  university  train- 
ing after  he  turns  him  out.  On  the  other  hand,  if  you  can  afford 
to  travel  in  Evnope  for  ])erha])s  a  year,  it  will  be  very  valuable." 
This  T  was  miable  to  do. 

About  this  time  an  old  friend  said:  ■"Young  man.  when  you 
get  a  position  never  worry  your  head  about  being  "fired,"  but 
do  your  work  in  such  a  way  that  your  employer  will  be  afraid 
that  you  will  get  a  better  offer  from  some  one  else."  It  has 
often  been  said  that  v/e  learn  more  from  mistakes  than  from 
successes  and  this  sage  remark  suggested  to  me  the  wisdom  of 
trying  to  learn  from  the  other  man's  mistakes  instead  of  waiting 
for  one's  own.  There  is  always  an  inclination  to  copy  the  big 
men,  but  while  one  can  always  gain  much  by  studying  such  men, 
to  try  to  "ape"  or  copy  them  will  be  ruin  or  dismal  failure.  For 
instance,  our  Duggan,  who  graduated  three  years  before  me  and 
under  whom  I  worked  for  two  years  after  graduating,  is  one 
whom  T  would  have  copied  if  I  had  not  convinced  myself  that 
every  one  has  to  work  out  his  own  individual  path  to  success  and 
follow  it  in  his  own  way,  taking  advantage  of  every  legitimate 
help  or  assistance  that  he  meets  on  the  road. 

Anything  that  is  not  worth  doing  well  is  not  worth  doing  at 
all  and  anything  that  is  done  well  pays — even  if  it  is  only  sweep- 
ing out  an  office  or  playing  a  game  of  football.  V>e  accurate  first, 
and  then  turn  out  as  much  work  as  possible.  lUit.  as  Mr.  Stern 
has  intimated,  don't  make  a  calculation  to  si.x  ])laces  of  decimals 
when  a  hundred  or  c\  en  a  thousand  pounds  or  dollars  would  not 
affect  the  result.  An  illustration  or  two  will  show  what  I  mean. 
An  engineer  once  made  a  survey  of  several  acres,  taking  an  im- 
mense number  of  levels,  every  reading  being  to  two  places  of  deci- 
mals. After  he  had  calculated  the  cubic  contents  required  to 
fill  this  area  to  a  certain  height,  having  used  the  two  places  of 
decimals  throughout,  he  estimated  that  as  the  ground  was  soft 
he  had  better  add  12  inches  to  the  dei)th  to  be  filled.  .\  military 
gentleman  once  paced  the  circumference  of  a  circle  and  then  cal- 
culated the  diameter  to  six  decimal  points.  Having  known 
Duggan  for  some  years  as  he  was  on  the  C.  P.  R.  the  second  and 
third  summers  that  I  was  west,  I  wrote  him  at  the  Dominion 
P.ridge  Com])any  in  the  spring  of  '86  and,  thanks  to  him,  obtained 
the  day  after  J  was  graduated  a  position  in  that  concern  at  $40 
a  month.  In  six  weeks  or  so  after  working  as  hard  as  possible 
and  being  convinced  that  my  chief  was  satisfied  with  my  wdrk. 
I  struck  for  $50  and  got  it.  and  about  September  of  the  same  year 
got  $60. 

There  is  no  work  that  a  man  can  do  that  teaches  accuracy 
quite  as  well  as  the  making  of  drawings  in  a  bridge  company's 
office.  Every  engineer  would  be  benefitted  by  such  an  experi- 
ence. R\cry  engineer  should  be  able  to  handle  surveying  in- 
struments and  be  able  to  make  good  plain  drawings.  Even  now 
1    occasionallv  go  back  to  the  drawing  board   mvself  and  have 
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been  paid  $50  or  more  a  day  by  former  employers  for  making 
drawings  for  them  for  special  purjioses.  This  is  mentioned  be- 
cause many  young  men  think  that  they  will  soon  be  too  big  to 
make  drawings  them.selves  and  do  not  take  the  trouble  to  become 
proficient. 

While  I  was  getting  $60  a  month  at  Lachinc.  T  was  offered 
$100  a  month  and  expenses  as  resident  engineer  on  a  Western 
railroad,  but  feeling  that  I  knew  enough  about  that  work  for  the 
time,  and  not  enough  about  bridge  designing,  I  refused  it.  About 
fifteen  months  after  graduating  I  asked  for  S75.  This  the  Presi- 
dent of  the  company  told  the  Chief  Engineer  he  would  not  pay, 
as  he  could  get  all  the  men  he  wanted  for  ,$50.  He  was  then 
paying  me  $60.  1  forthwith  requested  a  permanent  leave  of 
absence  which,  after  considerable  discussion,  was  withdrawn  on 
condition  of  a  two  weeks'  vacation  being  thrtuvn  in  with  the  $75 
a  month.  It  might  be  stated  here  that  during  my  last  year  at 
college  I  had  met  a  Toronto  girl  whom  I  made  up  my  mind 
almost  at  first  sight  to  marry  if  I  could.  I  took  this  \acation 
to  win  her  consent.  lieing  so  fortunate  in  this  respect  myself, 
my  strong  belief  in  early  marriages  (24  or  25)  has  increased. 

Two  years  at  the  Dominion  Bridge  Company  which  experi- 
ence included  the  making  of  blue  prints,  tracings,  shop  drawings, 
show  drawings,  bills  of  material,  ship])ing  bills,  etc..  and  the 
spending  of  much  time  in  the  sho]x  seemed  sufficient,  especially 
as  I  was  in  a  hurry  to  get  married.  I  gave  up  my  position  and 
came  to  New  York  on  "spec."  and  in  four  days  struck  a  job  in 
the  Pencoyd  Bridge  Company  through  calling  and  introducing 
myself  to  Mr.  C.  C.  Schneider,  chief  engineer,  who  then  had  an 
oiftce  in  New  York  and  who  has  done  nuicli  for  me  since.  I  was 
married  that  fall,  and  decided  to  settle  in  Philadelphia  for  some 
years.  The  next  s])ring,  however,  we  thought  it  would  be  a 
good  scheme  to  attend  the  con\ention  of  the  American  Society 
of  Civil  Engineers  at  the  Paris  Exj^osition.  Not  being  al)le  to 
obtain  leave  of  absence  it  was  necessary  to  resign  my  position. 
A  glance  at  the  salary  diagram  will  show  that  nothing  was  lost 
by  this,  for  by  a  curious  streak  of  hick  my  old  com])any  was 
hard  up  for  men  when  we  returned.  I  had  tried  unsuccessfully 
to  get  a  job  in  Montreal.  Toront:>,   l)etroii  and  New  \'ork. 

We  have  never  regretted  the  four  months  thus  spent  in 
Europe.  We  again  settled  down  "for  years"  but  in  January 
my  first  chief,  yiv.  Doane  of  the  Rockies,  off'ered  the  ])Osition  of 
Bridge  Engineer  of  the  Ohio  Extension  of  the  Norfolk  &  Western 
R.  R.  at  a  salary  of  $150  a  month.  The  Bridge  Comjiany.  which 
had  raised  the  salary  every  time  another  bridge  company  made 
me  an  offer — one  of  which  came  from  Duggan — was  only  too  glad 
to  have  a  believer  of  Pencoyd  secure  such  a  position,  and  let  me 
go.  This  position  gave  me  experience  in  the  design  and  ct>n- 
struction  of  129  bridges,  recpiiring  fro(|ucnt  trips  to  the  most 
important  bridge  shoi)s  in  the  country.  1 1  was  held  for  one  and 
a  half  years,  until  an  olYei-  of  $2CX)  was  obtained  with  a  considtintr 
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eng-ineer  in  New  York.  After  about  two  years  with  him,  going 
on  the  assumption  that  one  can  get  ahnost  as  much  f(jr  half  his 
time  as  for  the  whole  of  it,  I  olnained  the  position  of  Chief  En- 
gineer of  one  of  the  best  foundation  contractors  in  the  country 
with  the  privileg^e  of  handling  all  the  outside  work  I  could  get. 
This  I  held  for  eight  years,  while  working  up  a  good  consulting 
])ractice. 

Naturally.  I  am  grateful  for  the  advice  Dean  (ialbraith  gave 
us  on  graduating:  "Spend  ten  years  getting-  as  great  a  variety 
of  work  or  experience  as  possible  and  see  as  much  of  the  country 
as  you  can.  It  has  seemed  to  me  that  it  is  nearly  always 
desirable  to  obtain  the  largest  salary  possible  on  the  princii)le 
that  the  employer  is  going  to  give  the  best  work  to  the  highest 
paid  men.  The  most  effectual  way  to  obtain  an  increase  in 
salary  after  one  has  made  his  value  felt  is  to  obtain  a  better  offer 
from  some  one  else.  But  one  who  threatens  to  leave  if  he  does 
not  get  a  raise  and  then  stays  after  being  refused  has  given  him- 
self a  very  black  eye.  Never  give  your  em])loyer  a  chance  to  tell 
you  to  work  harder  or  longer.  In  emergencies  don't  count  the 
hours.  I  have  been  86  hours  on  a  stretch  on  my  feet.  As  a 
regular  thing  an  employer  is  foolish  to  work  his  men  more  than 
eight  hours  a  day,  but  in  special  cases  the  clock  should  not  be 
considered. 

If  you  want  to  get  there — whenever  }()U  feel  that  you  are 
losing  interest  in  your  work,  get  out  and  kick  yourself  before 
your  employer  gets  on  to  you  and  don't  get  into  a  rut.  Nothing 
that  is  easy  to  obtain  is  worth  having.  One  of  the  most  pitiful 
sights  is  to  see  a  scpiare  peg  in  a  round  hole.  1  knew  a  beauti- 
ful draftsman  who  was  absolutely  wanting  in  the  originality  es- 
sential in  an  engineer,  whose  pay  after  a  certain  time  kept  de- 
creasing as  well  as  the  quality  of  his  work.  He  would  have 
made  a  success  on  the  stage.  Another  man  made  a  failure  as  a 
clerk  where  he  would  have  been  a  genius  in  another  line.  There 
was  a  brilliant  chess  i)layer  who  ])lodded  along  on  a  drafting 
board  where  he  did  not  belong.  There  are  mighty  few  indus- 
trious, intelligent  men  who  would  not  obtain  great  success  in 
some  line  if  they  only  had  the  courage  to  find  out  what  it  is  and 
drop  what  thy  are  doing. 

.An  old  faithful  em])loyee.  whd  had  fallen  into  a  rut.  once 
went  to  the  head  of  the  firm  with  whom  he  had  grown  old.  and 
bitterlv  complained  that  a  younger  man  had  been  put  over  him. 
'ihe  em])loyer  said:  ".Mr.  Jones  see  what  is  making  that  noise." 
Jones  went  to  the  ne.xt  room  and  in  a  few  minutes  returned  with 
the  information  that  there  was  a  big  crowd  in  the  street.  See 
what  the  crowd  is  doing."  Jones  came  back  and  said:  "They 
are  watching  a  lot  of  cattle.  "  "See  where  the  cattle  are  going." 
Jones  came  back  and  reported :  "South."  "See  how  many 
there  are."  Jones  came  back  with  the  apjiroximate  number, 
'i^he  emplover  then  asked  Jones  to  sit  down  while  he  rang  for 
the  voiuiu  man.  to  wliom  he  said:     "r)rown.  see  what  that  noise 
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is  about."  In  a  few  minutes  Brown  came  back  and  reported : 
"There  is  a  big  crowd  of  people  in  the  street  watching-  500  head 
of  cattle  which  Swift  &  Co..  have  sent  from  Chicago  to  Jackson 
&  Co.  at  the  other  end  of  the  street."  The  young  man  retired 
and  the  employer  kindly  turned  to  his  old  employee  and  said : 
"You  see,  my  friend,  why  the  wide-awake  man  gets  ahead." 

TUit  enoiigh  of  this  or  your  good  editor  will  get  so  tired  that 
he  will  throw  the  whole  discussion  into  the  fire.  As  it  is,  I 
must  rely  on  him  to  blue  pencil  what  he  considers  of  no  interest 
to  you,  or  otherwise  objectionable. 
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The  present  state  of  the  metal  market  displays  an  unprece- 
dented condition  as  regards  aluminium. 

This  metal  is  now  produced  in  such  enormous  ([uantities. 
compared  with  the  production  of  a  few  years  since,  and  the  time 
of  expiration  of  the  American  patents  is  drawing  so  close  (Feb. 
1909),  that  the  differeijt  producers  in  operation  at  present  arc 
beginning  the  com])etitive  struggle  which  has  been  so  notable 
for  its  absence  during  the  preceding  years. 

The  range  of  cjuotations  since  Dec.  1907,  has  been  from  42c 
to  133^0  per  pound,  this  latter  figure  being  one  of  the  late  quota- 
tions in  the  British  market.  At  the  beginning  of  the  year  1908 
there  was  a  notable  decline  in  the  I'ritish  market  from  33c  to 
22c.  and  a  cirrcsponding  decline  in  the  American  market  from 
38c  to  33c. 

The  American  ])roducers  have  always  followed  llic  railroad 
procedure  of  "charging  all  the  traffic  would  bear,"  and  in  addi- 
tion 1(1  this  have  been,  and  ^till  are.  i)rotected  by  a  tariff  of 
8c.  per  pound  which  effectixely  ])re\ents  inijiorts  of  aluminium 
from  foreign  markets,  and  which  keeps  the  <|u<)talit^ns  at  least 
8c  higher  than   k^uropean  i)rices. 

In  llritain  .ind  the  ('(intinent  the  \arituis  companies  were  un- 
til recently  producing  under  license  from  i)atentees.  and  by  es- 
tablishing ari  "understanding"  were  able  to  i)revent  any  disturb- 
ance of  the  market,  and  maintain  high  prices  until  about  the 
30th  of  Sept.  of  this  year  when  this  arrangement  terminated,  and 
the  free  competition  began  which  has  so  speedily  given  us  the 
satisfaction  of  seeing  aluminium  take  rank  with  the  old  staples, 
copper,  zinc,  tin,  etc. 

^\'eight  for  weight,  aluminiiun  is  now  cheajicr  than  zinc, 
and  bulk  for  bulk,  cheaper  than  copper  at  a   market  of.  say.  25c. 

It  is  probable  that  careful  calculation  will  slnnv  the  cost 
of  production  in  America  to  be  about  t5c.  and  in  Europe  about 
173/2C  on  the  axerage.  and  the  i)resent   (|U(4ation  of   13' jC  can- 
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not  be  expected  to  last  long-.  However,  the  fact  remains  that 
aluminium  has  become  one  of  the  staple  metals  at  last,  and  that 
from  the  present  division  of  the  price  by  about  two,  an  enormous- 
ly stimulated  consumption  may  be  expected.  In  anticipation  of 
this,  the  present  producers  in  America.  Britain  and  elsewhere 
are  extending-  their  ])lap.ts  by  dr»ul)ling-  and  trebling  their  ]:)res- 
ent  capacities. 

An  instance  of  this  may  be  cited,  the  increased  capacitv  of 
the  various  plants  of  the  rittsi)urg-  Reduction  Co.,  w-'hich  com- 
pany   was    using   in    1906  1907 

At   Xiag-ara.   X.Y 12.000         40.000 

Massena.    X.Y 12.000         20.000 

Shawenegan   Falls   (Que. )    5.000  15.000 


Or  a  total  horsepower  of   ....      29.000         75.000 
This   total   capacity  should  give  a  total   production   of  36,- 
000,000  lbs   for  the  continent,  of  which   Canada  could   produce 
about   10,000,000  lbs. 

This  same  company  has  also  doubled  the  capacity  of  its 
rolling  mills  at  Xe\\-  Kensington.  Penn..  and  is  erecting  one  at 
Xiagara  Falls,  which  will  have  two-thirds  of  the  capacity  of  the 
X'ew  Kensington  mills.  These  X^ew  Kensington  mills  are.  by  the 
way,  the  only  ones  in  America  producing  continuous  sheets  of 
aluminium. 

In  Furo]:)e  there  were  only  four  companies  in  operation  in 
1907.  but  it  is  probable  that  there  have  been  many  additions 
during  1908.  The  total  estimated  capacities  of  these  four  com- 
panies in   1908,  in  terms  of  horsepower  used,  is 

l>ritish 75.000 

French 27.500 

German 75.000 

having  a  total  of  177.500  il.I'..  and  since  4  11. P.  years  produce 
2.290  lbs.  they  ha\-c  a  |)ossible  ])roduction  of  about  loi. 400.000 
lbs.,  working  at  full  load. 

A  comparison  of  the  production  at  various  ])eriods  is  also 
very  interesting,  and  to  avoid  too  many  figures,  production  is 
given  for  periods  about  three  years  apart. 

U.  S.  A.  PRODl^CTTOX 

Lbs.               X'alue  Vvr  lb. 

1 8(^7 4.000.000       $  1.400.000  35c. 

1900 7.150.000           2.288.000  32c. 

1904 7.700.000           2.233.000  29c. 

1907 26.000.000         10.000.000  42c. 

WOklJ)    i'RODL'CTIOX.  ijjs. 

1897    6.390.000 

1900    1 4.678.000 

1904     l6).246.000 

1907    65,058.000 
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So  great  is  the  present  demand  that  it  may  be  confidently 
predicted  that  the  output  will  surpass  200,000.000  lbs  in  5  years, 
and  that  by  the  end  of  1908,  the  production  will  make  a  signifi- 
cant showing-  in  comparison  with  copper,  taking  into  account  the 
relative  bulks  of  the  two  metals. 

On  account  of  the  present  and  prosj^ectiAe  importance  of 
aluminium,  it  is  interesting"  to  review  briefly  the  past  history  of 
the  development  of  the  metallurgy  of  aluminium,  and  to  glance  at 
some  of  its  present  uses. 

After  a  century  of  struggle,  investigation  and  invention, 
the  problem  of  extraction  of  this  widely  distributed  element,  alu- 
minium, from  some  of  its  compounds  was  finally  worked  out  to  a 
commercial  basis.  ]\Iany  processes  were  devised  and  suggested, 
some  impossible,  some  impracticable,  and  some  workable,  but 
ruled  out  on  account  of  their  high  cost.  Finally  from  the  many, 
two  only  survive  the  test  of  commercial  applicatiiDu,  that  of 
Charles  AI.  Hall,  of  the  United  States,  and  that  of  Paul  L.  Iler- 
oult.  of  France,  and  wdiich  processes  are  practically  identical. 

The  various  methods  of  producing  aluminium  may  be  classi- 
fied under  one  of  the  three  following  heads: — 

( 1 )  CHEMICAL  METHODS. 

(2)  ELECTRICAL -METHODS  (Electrical,  as  distinguish- 
ed from  Electrolytic,  i.e.,  methods  which  utilize  the  heating 
effect  only,  and  which  could  be  carried  out  by  other  methods 
provided  the  necessarv  temperature  could  be  attained). 

(3)  ELECTROLYTIC  METHODS:— i.e.,  methods  making 
use  of  the  chemical  elTccls  of  the  passage  of  a  current  of  elec- 
tricity. For  example,  a  common  electrolytic  process  is  the 
passage  of  a  current  of  electricity  through  a  solution  of,  say. 
copper  sulphate,  as  in  refining  copper.  The  current  enters  the 
solution  by  a  copper  electrode,  called  the  anode,  passes  through 
the  solution  of  copper  sulphate,  which  is  decomposed  thereby 
and  is  the  electrolyte  or  bath  and  then  out  by  a  second  electrode 
of  copper  which  is  called  the  cathode. 

(i)  CHEMICAL  METHODS— (Running  over  the  princi- 
pal  methods  ra])idlv). 

in  1827  W'ohler  was  successful  in  reducing  tlic  anhydrous 
chloride  of  aluminium  b\-  means  of  potassium. 

In  1855  St.  Claire-Deville  simplified  the  method  of  W'ohler 
by  using  the  double  chloride  of  aluminium  and  sodium  — 
Al2Cl,j4XaCl.  and  using  the  metallic  sodium  which  was  much 
cheaper  than  the  metallic  potassium.  This  process  was  conduct- 
ed in  I'rance  for  the  production  of  aluminium  for  30  years,  and 
was  linally  alKindoiuMl  on  account  of  the  liii^h  cost  of  the  S(^dium 
and  the  aluminium  cliloridc.  and  the  successful  iiroduction  by 
other  methods. 

In  1855  Rose  had  prc>i)osed  the  use  of  the  mineral  cryolite, 
i.e..  .Vl.l'ij.^XaF.  instead  of  the  simple  chloride,  but  this  was  not 
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followed  till  1886.  when  Grabau.  a  German,  devised  another 
practical  process  to  use  the  cryolite.  In  this  interestinj^  process, 
sulphate  of  aluminium  was  treated  with  cryolite,  and  the  sodium 
fluoride  of  t'he  cryolite  reacted  with  the  aluminium  sulphate,  and 
aluminium  fluoride  was  formed.  Thus  the  aluminium  was  all  ob- 
tained in  the  form  of  the  fluoride  according-  to  the  equation: — 

AL(SO,),  +  AUFe.6XaF  =  2ALF,,  -f  sXa.SO, 
Cryolite. 

The  fluoride,  which  is  insolul)le  in  water,  was  sejjarated. 
dried  and  heated  to  redness,  and  charged  into  a  cold  vessel  lined 
with  cryolite.  The  proper  amount  of  sodium  to  exactly  react 
with  this  fluoride,  and  in  the  form  of  a  cube  or  cylinder,  was  now 
])!aced  on  the  hot  mass,  and  the  whole  immediately  covered.  A 
quiet  action,  but  accomijanied  with  great  heat,  then  took  place, 
which  resulted  in  metallic  aluminium,  and  the  reproduction  of 
an  artificial  cryolite  according  to  the  equation. 

2-\U\  +  3Xa..  =  Al,  +  ALF,.6XaF 
The  metal  was  found  at  the  bottom  of  the  mass,  which  was 
completely   fused   by    the   intense   heat.      The   by-product    could 
again  be  used  for  the  production  of  the  fresh  fluoride  ALF,;. 

This  process  had  the  great  advantage  that  it  produced  ex- 
ceptionally pure  aluminium,  and  of  all  chemical  methods,  it  seems 
the  only  one  which  is  at  all  likely  to  come  into  competition 
with  electro-chemical  methods,  and  depends  essentially  on  a 
cheap  sodium. 

2.     ELECTRICAL  METHODS. 

Uuri.ig  the  advances  along  purely  chemical  lines,  exj^eri- 
ments  were  also  taking  place  in  which  electric  current  was  i)lay- 
ing  a  part,  but  it  was  not  until  the  d3-namo  was  invented  in 
1867  that  any  of  these  methods  assumed  a  i)ractical  importance. 

In  1 8(^)2.  Moncton  had  taken  out  a  i)atent  in  England  for  a 
l)rocess  in  which  he  intended  to  pass  a  strong  electrical  current 
through  a  reduction  chamber  charged  with  alumina  A1.,0.,  and 
granulated  carbon,  the  reduction  taking  ]ilace  by  means  of  the 
carbon  which  was  heated  to  the  high  temperature  retpiired,  by  the 
current.  Thi^  at  the  time  was  not  practicable  on  account  of  the 
co,--i  of  ilic  current,  and  also  because  the  aluminium  produced  ab- 
sorbed so  much  of  the  carbon  that  the  product  was  a  grey,  brit- 
tle, crumbling  mass,  scarcely  fused,  and  containing  carbides,  car- 
bon, and  impurities  present  in  the  carbon  used.  Much  aluminium 
was  also  carried  off  in  the  vai)ors.  and  some  condensed  in  the 
u])per  layers  of  carbon. 

It  was  not  until  1884  that  another  electrical  process,  simi- 
lar to  above  in  principle,  was  ap])lied,  but  now  with  greater  suc- 
cess. This  was  the  Cowles  process,  invented  l)y  the  Cowlcs  Bros. 
in  an  experimental  plant  at  Cleveland.  Ohio,  and  consisted  essen- 
tially of  passing  an  electric  current  through  granulated  material 
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of  iiigh  resistance,  i.e..  low  electrical  conductivity.  In  conse- 
(juence  of  this  high  resistance,  it  became  red  hot,  and  afl'orded 
all  the  heat  required.  The  substance  to  be  reduced  was  mixed 
with  this  granular  material  and  thus  absorbed  the  heat  at  the 
very  place  of  its  production. 

It  is  seen  that  so  far  Cowles'  scheme  was  identical  with  that 
of  Moncton,  but  taking  it  for  granted  that  satisfactory  aluminum 
could  not  be  so  produced,  they  devoted  their  attention  to  the 
production  of  alloys,  which  on  account  of  the  high  cost  of  pure 
aluminium  at  the  time,  were  more  generally  used. 

This  is  the  key  to  their  great  success  as  it  gave  alumi- 
num, in  the  form  of  its  greatly  used  alloys,  at  a  sixth  of  the  for- 
mer prices. 

To  accomplish  this,  Cowles  used  the  mixture  of  Moncton, 
i.e.,  granulated  carbon,  alumina,  to  which   he  added  granulated 
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copper,  thus,  llu-  alumininni.  as  soon  as  produced,  formed  an 
alloy  with  C(ii)per.  and  after  tlie  run.  was  found  as  a  fused  mass 
below. 

After  a  two  hours'  run,  he  i>btained  5  lbs.  of  an  alloy,  alumi- 
nium bronze,  which  contained  15  to  20  per  cent,  of  aluminium. 
Xow  by  substituting  this  alloy,  instead  of  copper,  in  the  next 
run  an  alloy  was  obtained  containing  over  30  per  cent  aluminium. 
On  this  success,  the  Cowles  Co.  later  re-organized  as  the  Cowles 
T""dectric,  Smelting  &  Refining  Co..  started  their  works  at  Lock- 
])ort.  X.  Y.,  and  began  the  ])roduction  of  alloys,  not  only  of  alumi- 
nium, but  using  the  same  ])rinciple  they  produced  silicon  bronze, 
boron  bronze,  and  many  others  of  i)ractical  importance.  Fig.  i 
illustrates   the   princi])]e. 

;v     i:Ll<:CTR(n.YTIC  METHODS. 

Now   looking  at    the   electrolytic   methods,   we    lind    that    in 

this  field  also  there  were  hosts  of  suggestions  and  methods  tried 

for    the    production    nf   ahmiinium    from     aqueous     solutions   of 

various  aluminium  salts,  l)ut  none  with  success.    However,  when 
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the  salts  alone  were  used  and  electrolyzed,  the  production  was 
successful. 

Among-  the  earliest  attemi)ts.  was  that  of  Davy,  lie  had  just 
succeeded  by  his  classical  experiments  of  1807  and  1808  in  pro- 
ducing- potassium  and  sodium  from  the  fused  hydroxides.  He 
also  attempted  to  produce  aluminium  by  the  electrolytic  decom- 
position of  ALO3  alumina,  but  was  unsuccessful.  However,  he 
achieved  a  measure  of  success  when  he  coated  a  sheet  of  pjati- 
num.  used  as  a  positive  electrode  or  anode,  with  a  paste  of  moist- 
ened alumina,  and  buried  in  the  mass  the  end  of  an  iron  wire  as  a 
cathode.  To  these  two  electrodes  he  connected  a  voltaic  battery 
of  1. 000  cells.  On  making-  the  connection,  the  wire  was  instantly 
heated  to  a  white  heat,  and  fused  at  the  point  of  contact  with 
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the  alumina  paste.  The  metallic  mass,  after  cooling^  was  both 
whiter  and  more  brittle  than  the  iron,  and  on  dissolving-  in  acid, 
a  solution  was  obtained  from  which  alumina  could  readily  be 
sei)arated — thus  Davy  had  prepared  the  first  allov  of  iron' and 
aluminium. 

However,  it  was  '^ot  until  1854  that  the  electrolytic  produc- 
tion ..j  pure  aluminium  was  first  accomplished  by  Prof.  Bunsen. 
of  lleidelburg,  who  had  already  produced  barium,  chromium  and 
manganese.  This  he  accomplished  by  the  same  apparatus  (  V'xg^.  2) 
which  he  had  used  for  production  of  magnesium,  which  consists 
simply  of  a  small  crucible  in  wliich  two  small  flattened  and 
grooved  carbon  electrodes  were  dipped.  The  compound  used 
was  placed  in  the  crucible  and  fused,  the  electrodes  dipped  in. 
and  tlic  current  passed  through — the  metal  produced  being 
caught  in  the  grooves.  Tlie  api)aratus  was  then  cooled,  and  the 
solidified   mass  broken   and   the   metal   obtained. 

.*^t.   Claire-Dexille.   after   hearing  of    i'.unsen's   previous   bril- 
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liant  successes  with  chromium,  mangauese,  barium,  etc.,  had 
meanwhile  been  applying  these  methods  towards  the  production 
of  aluminium,  and  this  led  to  the  almost  simultaneous  discover- 
ies by  Bunsen  and  himself  of  the  same  method  of  preparati()n. 
Bunsen  had,  however,  published  his  account  in  July.  1854,  though 
St.  Claire-Deville  succeeded  him  by  only  a  few  weeks  in  Aug- 
ust. St.  Clairc-Dcville  had  modified  the  apparatus  somewhat, 
(Fig-.  3)  and  found  in  addition  that  AUCln  could  not  be  used  as 
it  volatilized  at  a  low  temperature,  but  found  that  the  double 
chloride  of  aluminium  and  sodium  worked  well,  and  was  fusible 
at  a  comparatively  low  temperature   (186°   C). 

In  carrying'  out  the  electrolysis,  he  gradually  increased  the 
temperature  of  the  crucible  to  a  point  just  fcelow  the  melting 
point  of  aluminium,  the  current  was  passed  through  from  the 
time  of  fusion,  and  continued  with  a  gradual  increase  in  tem- 
perature till  just  below  the  melting  point  of  the  aluminium.  X^w 
the  current  was  stopped  by  taking  out  the  electrode,  the  tem- 
perature raised  to  bright  redness,  and  then  the  crucible  allowed 
to  cool.  Afterwards  the  aluminium  was  found  at  the  bottom  as 
a  regulus. 

St.  Claire-Deville  had  exhibited  some  of  his  ])roduct  in  1854 
at  the  French  Academy.  It  was  contaminated  with  carlxm  fn  mi 
the  electrodes,  which  prevented  the  formation  of  a  clean 
button.  He  also  proposed  using  an  anode  composed  of  alumina 
and  carbon,  which,  as  the  production  of  the  aluminium  proceeded 
at  the  cathode,  would  make  u])  this  loss  bv  dissolving. 

Interesting  as  these  experiments  of  Bunsen  and  St.  Claire- 
Deville  were,  they  were  not  applied,  on  account  of  some  practical 
difficulties,  but  they  at  least  proved  that  ])roduction  from  fused 
electrolytes  was  possible,  and  so  laid  the  ftuiiidation  for  the  pres- 
ent methods. 

Some  of  the  chief  difticuliies  were  that — 

(1)  The  carlxMi  electrodes  were  disintegrated  rapidly. 
These  are  now  made  of  far  greater  compactness,  and  are  there- 
fore quite  satisfactory. 

(2)  The  fused  electrolvle  and  metal  i)nMluce<l.  attacked  the 
containing  vessel.  If  a  clay  crucilile.  the  clay  was  partially 
reduced,  and  silicon  freed,  and  tluis  citniaminated  ihc  metal.  Por- 
celain crucibles  have  these  faults,  and  in  addition  are  fragile  and 
costly.  Carbon  crucibles  were  so  porous  and  so  much  attacked 
that  they  could  not  b/  w^vi]  miless  iiroicctcd  on  tin.'  outside  with 
some  other  substance,  and  metallic  crucibles  were  unsuitable 
because  they  were  attacked,  and  the  aluiuinium  produced  formed 
an  alloy. 

(.^)  Xo  suitable  substance  is  known  for  making  crucibles 
for  containing  the  fu>^ed  llalogcn  salts  which  could  be  heated 
externally. 

Hosts  of  others  in  the  next  25  years  obtained  patents  on 
various  methods,  and  anion<>-  them    Henderson   in    I'jiijland   in   a 
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patent  m  1886  approached  closely  to  the  modern  methods  but 
was  at  fault  in  still  clinging-  to  the  external  heating. 

The  problem  had  awakened  wide  interest,  and  among  the 
ranks  of  the  investigators  were  found  Charles  M.  Hall  and'^Paul 
L.  Heroult,  then  both  students,  both  23  j-ears  of  age.  now  world- 
famed  electro-metallurgists.  Plall  was  taking  a  classical  course 
at  Oberlm  College.  Ohio,  and  graduated  in' 1885.  During  the 
course  he  had  but  one  term  of  chemistry,  which,  however  .so 
captivated  hmi  that  he  spent  his  next  vear'in  the  Oberlin  Labora- 
tory with  the  special  object  of  finding  an  electrical  method  of 
commercially  producing  aluminium.  He  used  the  common  vol- 
taic cells,  and  built  up  a  batterv.  using  a  gasoline  heater  to  fuse 
his  electrolyte  (Fig.  4). 

His  method  of  attack  was  to  find  a  solvent  for  alumina  which 
would  fuse  readily,  and  from  this  solution  obtain  aluminium  bv 
electrolysis.    At  first  he  was  not  successful,  as  his  clav  crucibles 
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were  destroyed  by  the  fused  salt,  and  it  was  onlv  when  ho  lined 
his  crucibles  with  a  mixture  of  tar  and  ground  retort  carbon 
that  he  was  successful  in  getting  a  yield  o'f  metal.  The  solvent 
he  used  was  cryolite,  and  he  found,  as  is  generallv  the  case,  that 
the  mixture  melted  at  a  lower  temperature  than  either  the  alumi- 
na (AlaO,)  or  cryolite  alone. 

He  now  went  to  lU)Ston.  raised  money  to  continue  experi- 
ments and  rented  power  from  a  small  dynamo  for  four  months, 
and  exi)erimented  with  copi)er  electrodes  which,  however,  were 
unsatisfactory,  and  he  finally  concluded  that  bv  improving  the 
carbon  electrodes,  they  would  be  the  most  satisfactory  of  all 
electrodes,  for  commercial  work. 
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In  July,  1886,  he  applied  for  his  first  patent,  the  basic  prin- 
ciple of  whicli  was  using  as  a  solvent  the  double  fluoride  of 
aluminium,  and  some  more  electropositive  metal,  in  this  case 
(AloFe.6NaF)   cryolite. 

He  now  returned  to  Oberlin  determined  to  devise  a  com- 
mercial method,  and  being  without  funds,  had  to  content  himself 
with  making  bichromate  cells,  and  working  with  a  small  iron 
crucible,  but  the  results  so  encouraged  him  that  in  December. 
1886,  he  went  to  relatives  in  Cleveland  in  order  to  negotiate  for 
funds. 

Meanwhile  Heroult  had  patented  in  France  at  almost  the 
identical  date,  the  same  process,  and  now  had  applied  for  a  pat- 
ent in  the  United  States,  and,  as  Hall  had  not  as  yet  produced 
aluminium  commercially,  the  United  States  Patent  Office  declar- 
ed an  interference  between  Hall's  and  Heroult's  application. 

He  was  then  forced  to  make  an  agreement  wath  Cowles 
Electric  Smelting  &  Aluminium  Company,  by  which  they  took 
an  option  on  the  process  in  exchange  for  supplying  power,  and 
giving  Hall  an  interest  if  successful. 

At  the  expiration  of  the  time,  the  Cowles  Co.  did  not  take 
up  the  option,  so  Hall,  who  had  now  some  connection,  formed 
the  Pittsburg  Reduction  Co.  in  1888.  Meanwhile  the  interfer- 
ence at  the  Patent  Office  had  been  decided  in   Hall's  favor. 

Now,  with  sufificien't  funds.  Hall  went  to  work  on  a  larger 
scale,  and  by  so  doing  was  successful.  In  iSgi  the  plant  was 
moved  to  New  Kensington,  Penn..  ar.d  in  1893  the  Niagara 
Power  Co..  which  was  just  starting  and  looking  for  consumers 
for  their  power,  made  the  Reduction  Company  an  attractive  ofifer 
at  $18  per  H.P.  a  year.  This  they  accepted,  and  started  what 
is  known  as  the  "ui)per  works."  and  being  eminently  successful, 
they  added  the  "lower  works"  in  1896. 

From  this  time  the  company  has  been  continuously  success- 
ful, and  constantly  increasing  their  capacity.  They  found  that 
bv  increasing  tlie  size  of  the  vessel,  or  cell,  that  the  heat  gen- 
erated bv  the  readioii  maintained  the  tem])erature  sufficiently 
to  keep  the  bath  in  a  state  of  fusion,  and  so  they  were  saved  the 
expense  of  external  heating  (Fig.  5). 

They  also  soon  found  it  necessary  to  pnrify  the  bauxite 
which  they  used  as  the  source  of  alumina.  This  was  accom- 
plished by  mixing  it  with  enough  carlxMi  to  reduce  all  the  im- 
purities such  as  silica,  iion  oxide  and  titanium  oxide,  to  the  metal- 
lic state,  and  then  melting  in  an  electric  furnace.  The  reduced 
impurities  formed  an  alloy,  leasing  the  alumina  above  almost 
chemically  pnre.  This  alumina  is  granular,  dissolxes  easily,  and 
produces  a  metal  of  high  pnritw 

Heroult,  in  1900.  described  how  he  siunibled  across  his  pro- 
cess, lie  was  atleinpting  lo  declrolyze  cryolite  AI..FI,,.6NaF 
with  an  iron  cathode  and  carbon  anoile.  and  had  added  some 
double  chloride  .MAl^^;!*- !•  l'»  uiake  ihe  mixture  melt  more 
easil\-.     He  obtained  some  aluminium  allo\-  at  the  iron  cathode. 
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but  observed  no  evolution  of  chlorine  or  fluorine  at  the  anode, 
which  was  attacked,  however,  and  yielded  CO  and  CO,.  He 
therefore  concluded  that  some  oxide  was  present  as  an  impurity. 
Following-  up  this  clue,  he  then  added  pure  alumina  AUO,,  and 
obtained  only  COo  and  aluminium. 

He  immediately  obtained  a  patent,  and  went  to  a  manufac- 
turer who  was  producing  aluminium  by  the  sodium  process.  This 
manufacturer  advised  him  to  turn  his  attention  to  alloys  as  the 
use  of  the  ])ure  metal  was  limited.  This  he  did,  but,  after  work- 
ing a  couple  of  years,  he  learned  that  Hall  was  now  making- 
pure  aluminium  successfully.  He  therefore  started  production, 
and  placed  some  of  his  product  on  the  market  about  a  year  af- 
ter Hall  had  started  commercial  production,  but  it  was  not  until 
1890  that  he  was  selling  a  grade  equal  to  Hall's.  Heroult  also 
patented  his  process  in  England  arid  on  the  continent,  and  pro- 
duction of  aluminium  was  carried  on  by  four  companies  using  his 
patent  under  license.  These  patents  nominally  ex])ired  in  1901 
but  extension  of  time  was  applied  for  and  it  was  not  till  1907  that 
many  outside  plants  were  contemplated  in  Europe.  In  America 
it  was  not  all  smooth  sailing  with  the  Pittsburg  Reduction  Co. 
This  company  entered  suit  against  the  Cowles  Co.  in  1893,  a"*^ 
obtained  an  injunction  restraining  the  Cowles  Co.  from  the 
manufacture  of  aluminium. 

Meanwhile  Charles  S.  Bradley  a  very  noted  electrial  en- 
gineer, had  patented  the  idea  of  internal  heating.  This  patent 
was  fought  by  the  Cowles  Co.,  who  had,  since  the  beginning, 
used  internal  heating  in  their  production  of  aluminium  alloys. 
The  Cowles  Co.  won  their  suit,  and  now  in  turn,  they  fought  the 
Pittsburg  Reduction  Co.,  which  Company,  as  was  mentioned  be- 
fore, had  abandoned  their  external  heating,  when  they  found  that 
the  heat  evolved  by  the  reaction  was  sufficient  to  keep  the  bath 
fused.  Tliis  suit  they  also  won,  and  the  Pittsburg  Reduction  Co. 
was  com])ellcd  to  pa}-  heaxy  damages.  As  a  result  of  these  de- 
cisions, the  process  was  tied  up,  the  Cowles  Electric  Smelting 
&  Refining  Co.  owning  the  internal  heating  part  of  the  pro- 
cess, and  the  Pittsburg  Reduction  Co.  the  electrolysis  of  alu- 
mina in  a  bath  of  fused  cryolite.  Hence  neither  could  work  with- 
out the  other,  and.  of  course,  this  resulted  in  a  practical  amalga- 
mation of  interests,  till  February,  1909,  when  the  I'radlcy  patent 
expired  and  the  whole  jirocess  l)ecame  public  ])roperty. 

The  various  uses  to  which  aluminium  is  put,  depend  for  the 
most  ])art,  upon  its  low  Sp.  (>.  2.6,  its  relatively  high  conduc- 
tivity, its  white  color,  and  to  the  fact  that  the  oxide  which 
forms  in  air  is  while,  and  forms  a  compact,  coherent  coating  over 
the  metal  which  is  extremely  thin,  resistant  to  further  oxidation, 
and  therefore  does  not  detract  from  the  api)earance  of  the  metal. 

Since  the  Sp.  d.  of  aluminium  is  2.6  and  that  of  copper  about 
8.9,  iluret'orc  a  gi\cn  weight  of  aluminium  will  occupy  about 
four  times  as  great  a  volume  as  the  same  weight  i>f  copper; 
therefore,  if  we  represent  a  given  weight  of  copper  by  a  solid 
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figure,  then  the  volume  of  aluminium,  being-  four  times  as  "Teat, 
would  be  represented  by  four  similar  figures  having  the  same 
depth.  Therefore,  the  upper  surface  of  the  aluminium  would  be 
four  times  that  of  the  copper,  of  the  same  weight  and  depth,  and 
now,  since  the  conductivity  of  copper  compared  with  that  of 
aluminium,  is  as  i  to  .6.  and  if  we  call  the  conductivity  of  the 
copper  I,  then  the  conductivity  of  aluminum  will  be  four  times 
.6  =  2.4,  or  say,  about  twice  that  of  the  copper.  These  two  con- 
siderations show  that  with  aluminium  at  the  same  price  as  cop- 
per, for  castings  and  all  work  where  volume  alone  is  concerned, 
aluminium  would  cost  one-quarter  as  much  as  the  same  volume 
of  copper,  and  where  conductivity  is  concerned,  since  half  the 
weight  will  give  more  than  equal  the  conductivity,  therefore,  the 
cost  would  be  about  half  that  of  copper. 

Conductors  of  aluminium  are  now  in  extensive  use  in  elec- 
trolytic works,  and  in  electric  furnace  work  where  heavy  currents 
at  low  voltage  are  required,  some  of  these  conductors  being  of 
great  size,  as  for  example,  2"x4",  4"x4",  2"x6",  and  look  like 
squared  lumber.  This  iise  as  conductors  is  not  confined  to  large 
sizes.  Power  companies  are  using  aluminium  wires  and  cables. 
one,  at  least  in  Canada,  being  90  miles  in  length.  In  the  Western 
States  aluminium  wire  is  now  greatly  used,  and  iron  wire  coated 
with  aluminium  is  used  in  place  of  the  former  galvanized  pro- 
ducts in  telephone  and  telegraph  work. 

Soldering  of  aluminium  has  occasioned  much  difficulty  on 
account  of  the  film  of  («i(le  which  ra])i(lly  forms  on  the  sur- 
face, and  prevents  ordinary  solders  wetting  the  surface.  Xo 
flux  has  yet  been  found  which  will  dissolve  this  oxide 
and  keep  the  metallic  surface  fresh  long  enough  for  ordinary 
soldering.  To  overtome  this,  luuuerous  ways  have  been  sug- 
gested, and  each  number  of  the  various  technical  journals  seems 
to  add  about  as  many  more.  Some  claim  to  solder  satisfactorily 
by  using  the  untinned  cop])cr  in  such  a  w  a\  that  it  uuchauically 
scratches  the  surface,  i.e..  by  ])assing  it  backwards  and  forwards, 
and  holding  the  solder  against  the  copper  while  this  is  giving  on, 
thus  the  aluminium  is  mechanically  cleared. 

The  Autogenous  method  is  hc~)wever  i~)rol)al)l\  ilu'  licst.  as  no 
other  metal  takes  part  in  the  operation,  a  llux  such  as  an  alkali 
chloride  being  used,  and  the  two  surfaces  tit  ])e  united,  pressed 
firmly  together,  and  heated  to  a  point  just  aboxe  the  melting- 
point  of  aluminium.  The  mechanical  properties  of  such  joints  are 
good,  and  under  the  microsco])e  present  the  same  structure  as 
aluminium  itself.  Sheets  of  aluminium  ismm.  in  thickness,  and 
welded  in  this  way  ha\e  withstood  17  atmospheres.  The  pro- 
cess is  useful,  not  only  for  welding  wires  and  cables,  but  for 
aluminium  apparatus,  tubes,  pipes,  chemical  apparatus,  \essels. 
automobiles,  etc.  Pure  ahuninium  is  durable  in  sea  water,  but 
joints  soldered  with  any  other  metal  are  attacked  \  ery  readily. 

Aluminium  is  now  greatly  employed  as  a  pattern  metal,  it 
being  light,  easily  finished  w  itli  sandjiaiier  and  lile. 
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The  Wetherill  zinc  oxide  furnace  grate  is  cast  in  sand, 
moulded  by  an  aluminium  form.  A\'hen  wood  was  used,  a  great 
many  small  pieces  were  necessary,  and  with  the  aluminium  it  is 
all  one  piece,  hence  lessening  the  time  and  cost  considerably. 

Many  aluminium  objects  are  now  prepared  by  a  method  sim- 
ilar to  lead  pipe,  i.e.,  the  metal  is  heated  to  a  ])oint  just  below 
melting,  and  squeezed  out  of  forms  continuously.  In  this  way 
sheet  aluminium  of  all  gauges  for  automobile  bodies,  signs,  cook- 
ing utensils,  kodaks,  etc.,  is  produced.  Some  of  the  New  York 
subway  cars  are  lined  with  sheet  aluminium,  and  the  Japanese 
army  was  su])p]ied  with  aluminium  cooking  utensils  in  the  late 
war. 

Aluminium  ])ipe  is  also  so  produced,  and  is  used  for  all  sorts 
of  purposes, — acetic  acid  plants,  nitric  acid  condensors,  in  pulp 
mills,  the  finest  pipe  being  used  as  needle  indicators  on  various 
instruments,  as  in  galvanometers,  etc. 

Rods  of  all  sorts  and  shapes,  from  the  enormous  l)us-bars 
to  the  finest  thread-like  wire  for  lace  fabrics,  mouldings  of  all 
patterns,  and  for  various  purposes  are  produced  in  this  way. 

Aluminium  is  now  extensively  used  as  a  deoxidizer  to  pro- 
duce sound  castings,  and  many  thousands  of  pounds  are  used 
annually  for  this  ])urpose. 

For  plating  on  aluminium,  no  really  satisfactory  method  yet 
exists  by  which  one  metal  may  be  directly  plated  on  aluminium  ; 
this  is  due  to  the  ever  present  film  of  oxide,  but  it  is. said  that  by 
dipping  first  in  a  solution  of  stannous  chloride  and  ammonium 
ahun,  a  film  of  metallic  tin  coats  the  aluminium  on  which  a  de- 
])osit  of  other  metals  may  then  be  satisfactorily  ])lated. 

ALLOY.S 

Among  the  chief  alloys  are  aluminium  bronze,  consisting  of 
aluminium  and  copper.  These  bronzes  are  greatly  used  in 
machine  designs  where  lightness  and  strength  must  be  coml)ined, 
as  in  automobiles.  They  are  also  used  for  decorative  work 
where  a  non-tarnishing  yellow  color  is  recpiired.  .\  new  bronze, 
consisting  of  co])per  39,  iron  34,  nickel  18,  aluminium  <).  is  as 
hard  as  nickel-steel,  is  strong,  very  resistant  to  sea  water,  moist 
air.  and  acid  water.  Six  parts  added  to  24  of  yellow  brass  is 
said  to  make  the  brass  ecpuil  in  strength  to  the  best  bronze. 

Aluminium  and  zinc  alkn's  are  also  used  in  automobile 
works,  alloys  containing  copper,  aluminium,  tin,  and  antimony 
for  horse-shoeing,  and  many  other  alloys  for  special  purposes  are 
employed. 

Respecting  the  tensile  strength  of  some  of  these  alloys,  it  is 
interesting  to  compare  the  tensile  strength  of  some  common  pro- 
ducts with  aluminium  bronze. 


230  APPLIED   SCIEXXE 

TENSILE    STRENGTH 

(Pounds  per  square  inch) 

Cast  copper    24.000 

Cast  gun  l^ronze   39.000 

Steel    plate    rolled    81.000 

Aluminium  bronze  castings 100.000 

Aluminium  bronze  (with  silicon) 130.000 

Another  important  application  of  aluminium  is  in  what  are 
termed  by  the  inventor.  Dr.  Goldschmidt,  tiie  aluminothermic 
reactions.  When  the  oxides  of  such  metals  as  titanium,  iron, 
chromium,  nickel,  etc.,  are  mixed  wuth  aluminium  in  a  fine  powder 
and  some  hot  body  applied,  as  a  red  hot  iron  rod.  a  vigorous 
reaction  takes  place  by  which  the  aluminium  reduces  the  metal- 
lic oxide  and  leaves  the  metal  in  the  free  state.  The  aluminium 
is  itself  oxidized  to  the  form  of  AUOg,  and  floats  on  top  as  a  slag. 

This  principle  has  been  of  great  importance  for  the  ])re])- 
aration  of  pure  metals  free  from  carbon.  A  mixture  of  iron  oxide, 
FcgOo,  and  aluminium  powder  is  now  on  the  market  as  Thermit, 
and  finds  extensive  application  in  rail-welding  and  repairing 
broken  castings  of  all  kinds.  The  Russian  army  was  su]:)])lied 
with  Thermit  for  repairing  their  heavy  ordnance,  etc.,  (luring 
the  war. 

The  application  is  a  vcr\-  simple  matter,  the  greatest  time 
being  consumed  in  preparing  the  mould  around  the  object  to  be 
repaired  or  welded.  A  conical  shaped  crucible  is  filled  with  Ther- 
mit mixture,  a  little  barium  peroxide  added  to  the  top.  and  in 
this  a  short  piece  of  magnesium  wire  is  ])laced.  The  crucible 
has  an  opening  at  the  bottom,  which  is  placed  directly  over  the 
mould,  and  which  may  be  opened  or  closed  at  the  will  of  the 
operator.  \\'hen  everything  is  ready,  the  magnesium  wire  is 
lighted,  and  the  heat  soon  liberates  oxygen  from  the  barium  per- 
oxide, which,  uniting  with  the  aliuninium,  starts  the  rest  of  the 
mixture  reacting  l:)y  the  heat  communicated.  After  a  moment 
the  vent  is  opened,  and  the  molten  metal  allowed  to  flow  int(t  the 
mould.  The  heat  of  tlie  reaction  is  so  excessive  that  the  metal 
it  comes  in  contact  with  is  soon  heated  to  such  an  extent  that  a 
perfect  union  result-^. 

'iliere  are  still  a  great  many  other  ap])lications  of  aluminium 
which  time  pre\-ents  mentioning,  while  the  near  future  is  bound 
to  see  a  great  extension  in  the  practical  and  e\er\-da\-  uses  of 
aluminium. 

N.B. — Read  at  a  special  meeting  of  the  Chemical  and  Mining  Section  held 
on  December  KUh,  1908, 


WATER  METERS. 

J.  J.  TRAILL,  B.A.Sc. 

Water  meters  may  be  defined  as  instruments  by  whicli  the 
quantity  of  water  flowing  in  a  pipe  is  measured  and  the  amount 
passed  is  recorded  automatically.  The  number  of  meters  de- 
vised is  legion,  if  one  may  draw  definite  conclusions  from  ])atent 
office  records,  the  British  patent  office  records  showing  that  for 
one  period  of  ten  years  there  were  granted  389  patents  of  water 
meters  or  parts  thereof.  No  perfect  meter  has  been  devised  as 
yet,  but  this  is  not  otherwise  than  should  be  expected,  for  the 
variety  of  service  to  which  they  are  ])ut  is  so  great  that  most 
meters  are  designed  to  serve  well  in  a  few  classes  of  work,  while 
they  may  be  entirely  useless  in  other  classes. 

The  important  desiderata  of  a  perfect  meter  are  as  follows  :  It 
should  accurately  measure  all  flows,  whether  fine  or  full :  should 
work  at  very  slight  ])ressure  ;  should  work  at  high  pressure  with- 
out shock  or  water-hammer;  should  be  small  in  bulk  and  easy 
to  set  and  repair;  should  not  be  liable  to  "stick  up"  or  stop,  and 
when  not  registering  when  water  is  being  passed  through  it 
should  give  some  outward  indication  of  the  fact:  and.  finally, 
should  be  incapable  of  passing  water  backwards. 

Meters  are  of  two  kinds.  ^  iz. :  Positive  and  Inferential.  P^ach 
of  these  classes  may  be  subdivided.  Positive  meters  measure 
the  actual  volume  of  the  water  by  the  action  of  a  piston  working 
in  a  cylinder  which  is  successively  emptied  and  tilled  at  the  com- 
pletion of  each  stroke.  The  cylinder  being  of  known  dimen- 
sions affords  a  measure  of  the  quantity  of  water  discharged  in 
a  given  interval  of  time.  Inferential  meters  measure  the  velocity 
of  the  flowing  water,  generally  by  recording  the  revolutions  of 
a  turbine  or  other  water  wheel  or.  in  the  case  of  the  \'cnturi 
meter,  the  pressure  on  a  gauge. 

Nearly  all  positive  meters  are  included  in  the  following  four 
classes:  Single  cylinder  reciprocating  piston  meters,  double 
cylinder  reciprocating  piston  meters,  rotary  piston  meters  (in- 
cluding the  disc  meters)  and  diaphragm  meters. 

The  Kenned}'  meter  shown  in  figures  i  and  2  is  of  the 
single  cylinder  reci])rocating  ])iston  type.  This  meter  will  register 
the  flow  accurately  even  when  so  small  a  cpiantity  as  a  droj)  at  a 
time  is  being  discharged.  It  is  very  bulky  considering  the  quan- 
tity it  will  discharge,  and  is  not.  therefore,  used  to  any  extent 
as  a  domestic  service  meter.  Its  accuracy  is  such  as  to  recom- 
mend it  as  a  test  meter  and  it  is  often  used  for  this  purpose,  the 
meter  to  be  tested  being  put  in  series  with  it.  water  run  ihri>ngh 
and  simultaneous  readings  taken  on  the  two  dials.  The  meter 
consists  essentially  of  a  cylinder  and  piston,  a  two-way  cock, 
a  tumbling  weight  to  operate  the  cock  and  a  dial  on  which  the 
discharge  is  registered.  Fig.  i.  shows  a  section  of  the  inlet  and 
outlet   pipes  and   the  cock  :     Fig.  2,   a   side   section    of  cylinder 
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and  piston  inlet  and  outlet  pipes  and  cock.  The  packing  of  the 
piston  consists  of  a  ring  of  very  pure  soft  rubber,  shown  between 
the  piston  and  walls  of  the  cylinder.     As  the  piston  rises  water 


Fig.   1 


Fig.  2 


flows  into  the  bottom  of  the  cylinder,  filling  it :  the  rack  on  the 
piston  rod  raises  the  weight  by  means  of  the  pinion  to  which  the 
latter  is  attached,  uiitil,  wh.cn  the  end  of  the  stroke  is  reached, 


the  rack  i)asses  bcMii-.d  the  i>ini(>ti.  the  weight  falls,  reversing 
the  Cdck  and  the  j)isl(in  cunmuMiccs  the  return  stroke.  Any 
error  which   might   occur  through   short   stroking  is  made  inef- 
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fective  by  having  the  counting-  gear  record  the  distance  travelled 
by  the  i)iston.  With  this  meter  there  is  danger  of  water-ham- 
mer if  the  piston   si)eed  becomes  high. 

Much  more  compact  instruments  are  the  double  cylinder 
reciprocating  piston  meters.  In  these  one  piston  actuates  the 
valves  of  the  other  cylinder.  The  cylinders  may  be  the  same 
or  different  in  size.  Figures  3  and  4  show  sections  of  a  \\'orth- 
ington  double  cylinder  meter  in  which  both  pistons  are  of  the 
same  size,  ^^'ater  Hows  into  the  cylinder  under  ]iressure  from 
the  main,  displacing  the  piston,  which,  in  turn,  displaces  the 
water  in  the  other  end  of  the  cylinder,  this  flowing  through  the 
outlet  port  of  the  valve  to  the  services  pipes.  Thus  the  plunger 
in    moving  dis]:)laces    a  fixed   volume    of   water,    discharging  it 


Fig.  5 


Fig.  6 


through  llu'  niulel.  The  arrangement  is  such  that  the  stroke 
of  the  two  plunger.s  alternates,  the  valve  actuated  by  one  admit- 
ting water  l)ehind  the  other.  The  plungers  come  to  rest  when 
they  reach  the  rubber  buffers  at  the  ends  of  tiie  cylinders.  One 
plunger  imparts  a  reciprocating  motion  to  the  lever  F.  which 
operates  the  counter  movement  thiough  a  spindle  and  ratchet 
gear.  With  this  meter,  which  is  otherwise  a  very  accurate  and 
relial)le  instrument,  there  is  a  danger  of  o\er-registration  at 
tine  flows  through  a   tendencv   lo  short   stroke. 

Kolary  piston  and  (li>c  meters,  engravings  of  which  are  shown 
in  I'igures  5.  (>  and  7.  are  the  ne.xt  in  the  scale  of  accuracy  where 
considerable  \ariation  in  the  flow  is  to  be  expected.  These 
meters  are  easily  kept  in  order,  there  being  no  valves,  and.  with 
the  exception  of  the  counting  gear  and  piston  or  disc,  no  mov- 
ing i)arts.  The  piston  or  disc  in  these  meters  is  usually  made  of 
harcl  vulcanite  with  a  specific  gravity,  nearly  unity,  the  advan- 
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tag-e  being  a  slight  reduction  in  friction.  The  pistons  are  of 
various  shapes,  generally  complicated,  but  the  action  of  all  me- 
ters of  either  class — rotary  piston  or  disc — is  essentially  the  same 
for  the  class. 

In  the  rotary  piston  meters  the  action  is  as  follows:  The 
centre  of  the  piston  has  a  circular  motion,  the  lobes  working  in 
the  small  chambers  of  the  cylinder,  and  these  alternately  cover 
and  uncover  the  inlet  and  outlet  ports  of  each  chamber.  The 
amount  of  ^^'ater  passed  per  revolution  is  ecjual  to  the  difiference 
in  volume  of  the  cylinder  and  piston.  In  these  meters  ])rovi- 
sion  is  made  for  a  small  amount  of  water  to  pass  when,  through 
accident,  the  piston  becomes  "stuck  up."  This  is  necessary  in 
domestic   supply   meters,   as   the   meter   should   not   cut   off  the 


Fig.   7 


Fig.  8 


•ive  some 


de- 


supply  completely,  but  if  not  registering  sh.uiU    ,. 
cided  indication  of  the  fact. 

The  meter  illustrated  in  Figure  6  is.  as  it  were,  a  transition 
from  the  rotary  piston  to  the  disc  ty])e.  There  is.  as  in  the 
rotary  piston  meter,  a  piston,  but  the  arrangement  of  inlet  and 
outlet  ports  is  exactly  similar  U.  that  of  the  disc  meter. 

In  the  disc  meter  shown  ni  I'igure  7.  a  disc  with  the  shape 
of  a  flat  cone  "wabbles"  l)ack  and  forward  in  such  a  way  that 
one  element  of  the  cone  is  always  in  contact  with  the  chamber 
in  which  the  disc  works,  thus  shutting  otf  free  How  from  the 
inlet  to  the  outlet  ports.  The  volume  of  water  passed  per  revo- 
lution is.  of  course,  fixed  by  the  size  of  the  chamber. 

Rotary  piston  and  disc  meters  are  in  use  to  a  very  large 
extent  in  America  for  metering  domestic  sui)iily.  in  one  in- 
stance a  city  in  one  of  the  northern  states  jilaced  an  order  for 
15.000  disc  meters  at  one  time.     I'oth  classes  are  fairly  accurate 
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over  quite  a  wide  range  of  flow.  The  life  of  the  rotary  i)iston 
meter  is  longer  than  the  life  of  the  disc  meter.  It  is  ])ossil)le 
also  by  a  simple  repair  to  take  up  the  wear  of  the  piston  for  the 
former,  but  when  the  disc  and  disc  chamber  of  the  disc  meter 
become  worn  the  meter's  usefulness  is  ended. 

Diaphragm  meters  are  not  used  to  any  great  extent  for  water 
measurement.  The  meter  consists  of  a  pulsating  diaphragm, 
in  a  vessel  of  known  capacity,  which  is  moved  as  the  side  cham- 
bers are  alternateh-  filled  and  emptied.  The  common  dry  gas 
meter  is  essentiallv  a  diaphragm  meter. 

Coming-  to  the  second  general  class.  Inferential  meters,  we 
have  first  of  all  rotary  turbine  meters,  a  good  type  of  this  meter 
is  shown  in  Fig.  8.  Bv  a  comparison  of  the  supply  pipe  of  this 
meter  wMth  that  of  any  of  the  positive  meters  it  is  immediately 
evident  what  a  great  saving  in  size — and  hence  in  co.st — is  ob- 
tained by  using  a  meter  of  this  kind.  The  saving  is  at  the 
expense  of  accuracy  of  registration  at   hne  flow,  meters  of  that 


/^/a  ■  y     /  ona//i/c///7a/  jec//o/i  of  /e-^/c/^/  /^e/^6>r 


kind  being  accurate  orly  for  medium  or  full  flows,      i  he  action 
of  the  meter  is  evident  from  the  figure. 

Rotary   fan   meters  are  similar  in   principle  to  the  ordinary 

windmill.  .    .  .   , 

The  X'enturi  meter  might  also  be  classed  as  an  inlerential 
meter  r.ricfly.  the  method  of  measurement  of  water  by  this 
meter  is  based  on  the  fact,  that  when  water  flows  through  a 
pipe  of  which  the  section  is  gradually  contracted  and  subse- 
quentlv  oraduallv  increased,  the  pressure  in  the  smallest  secti(»n 
is  much  Tess  than  in  the  largest  section  on  either  side  of  the  con- 
traction The  discharge  through  the  meter  varies  directly  as  the 
sduare  root  of  the  dr.-i^  in  pressure  from  the  largest  section  up- 
stream to  the  throat.  I-.-r  use  in  pumping  statuMis  the  meter 
is  furnished  with  an  autographic  recorder,  which  shows,  by  a 
diagram,  the  volume  of  flow.       .\  diagram  u\  the  meter  is  shown 

'\"\xrv  decided  advantaue  ^^\  the  \enturi  meter  is  that  the 
loss  "due  to  friction  is  small.  Tlie  meter  is  very  accurate,  tor 
lar'-e  discharges,  more  accurate  than  any  other  meter. 
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For  domestic  supply  the  favorite  meter  in  America  is  one  of 
the  positive  t3-pes,  usually  the  rotary  piston  or  disc  meter.  The 
double  cylinder  reciprocating  piston  meter  is  also  used  fre- 
quenth\  European  practice  seems  to  favor  the  use  of  infer- 

ential meters  for  this  purpose.  The  explanation  is  probablv 
found  in  the  different  number  of  persons  per  service  in  America 
and  in  Europe.  In  America  the  number  of  people  using  one 
service  is  probably  about  ten  on  the  average.  In  some  cities  it 
is  as  low  as  five.  In  Europe  the  number  is  much  larger.  In 
Berlin,  for  instance,  the  latest  figures  available  state  that  there 
are  70  people  per  service.  With  this  condition  the  flov^^  would 
be  fairly  continuous  and  a  cheap  compact  meter  which  will  give 
a  reasonably  correct  measurement  is  therefore  used.  The  aver- 
age number  of  people  per  service  is  large  in  nearly  all  European 
cities. 

For  trade  supply  inferential  meters  are  almost  universallv 
used.  It  should  be  noted  that  inferential  meters  may  pass  large 
quantities  of  water  without  registering,  as,  if  they  become  "stuck 
up"  they  offer  very  little  resistance  to  the  flow. 

For  measurements  of  municipal  supply  the  A'enturi  meter 
is  used.  The  Pitometer,  a  rated  pit(^t  tube  arranged  to  give  a 
])hotographic  record  of  How.  is  coming  into  use  for  this  purpose 
also. 


PRACTICAL    METHODS    OF    CONCRETE 
CONSTRUCTION- 

C.  G.  CLI.XE,  '09. 

This  ])aper  is  not  intended  as  a  discussion  of  the  theory  of 
concrete,  either  ])lain  or  reinforced;  it  is  intended  sim]ilv  to 
1)ring  out  some  methods  of  concrete  construction  met  with  by 
the  writer  in  a  somewhat  limited  experience  with  this  important 
material  of  construction. 

(  )ne  of  the  sim])lest  uses  of  cement  is  the  making  of  mortar 
tor  brick  or  stone  work.  It  is  often  used  where  mortar  made  from 
ordinary  lime  would  not  be  strong  enough;  or  a  small  (|uantity 
may  be  mixed  with  lime  mortar  to  increase  its  strength.  Wlien 
the  masonry  is  to  be  exposed  to  moisture,  cement  must  be  used 
instead  of  lime,  as  lime  will  not  set  unless  thorougly  dry,  and 
will  gradually  dissolve  in  water. 

Cement  in  the  form  of  concrete  is  now  very  commonlv  used 
for  all  kinds  of  walls,  for  buildings,  retaining  walls,  dams,  etc., 
;in(l  for  foundations  for  l)uildings  and  machinery.  Wooden 
forms  arc  built  up,  the  concrete  is  mixed  by  hand,  or  l)y  machine, 
and  placed  in  them.  The  concrete  takes  up  the  shape  of  the  forms 
and  hardens,  so  that  when  they  are  removed  the  wall  remains. 

The  lorms  are  almost  imivcrsally  made  of  luni])cr.     The  use 
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of  steel,  either  for  the  entire  forms  or  for  facings,  has  not  been 
found  satisfactory.  The  steel  plates  are  easily  bent  and  it  is  too 
expensive  to  be  continually  straightening  them  out.  A  common 
practice  is  to  use  2"  lumber  for  lagging  and  2"x6"  for  studs.  If 
i"  lumber  is  used,  the  studs  will  need  to  be  much  closer  and  the 
bracing  of  the  forms  very  carefully  attended  to.  Even  then  the 
results  may  not  be  satisfactory  ;  the  whole  wall  may  get  out  of 
alignment,  or  some  of  the  boards  may  spring  dut  of  place  and 
leave  a  rough,  uneven  surface  on  the  wall. 

For  rough  work,  undressed  lumber  is  commonly  employed. 
On  one  structure,  undressed  lumber  was  used  for  the  foundation 
and  inside  work  where  it  woukl  not  be  exposed  to  view.  For 
finer  work,  lumber  was  employed  which  was  dressed  on  one  face 
and  both  edges;  the  edges  must  be  dressed  and  straightened  so 
that  the  planks  will  tit  together  tightly  in  the  forms  and  not 
leave  holes  for  the  concrete  to  run  through,  making  great  ridges 
on  the  wall.  On  still  more  particular  work,  there  Avas  used  match- 
ed lumber.  2"x8"  or  2"xio".  The  tongues  and  grooves  made  the 
form  much  more  solid  and  easier  to  keep  in  position  and  gave 
an  even  face  on  the  finished  wall. 

W'Ikii  an  especially  smooth  face  is  desired,  it  is  a  good  i:)lan 
to  paint  the  inside  of  the  forms  with  a  coating  of  soap  dissolved 
in  hot  water.  This  allows  the  forms  to  come  off  clean,  without 
damaging  either  the  lumber  or  the  concrete.  It  is  surprising 
how  tightly  a  piece  oi  \\ood  will  stick  to  the  concrete  wall,  even 
when  it  is  merely  in  contact  with  it ;  while  if  it  is  partly  imbed- 
ded in  the  concrete,  it  is  next  to  impossible  to  remove  it  when 
once  the  concrete  has  set.  In  foundations  for  machinery,  it  is 
necessary  to  leave  a  space  around  each  anchor  bolt  so  that  it 
will  have  some  play  when  the  casting  is  being  placed  in  position. 
This  is  usually  done  by  placing  a  long,  narrow  box  around  each 
bolt  before  the  concrete  is  put  in  the  forms.  These  'boxes  should 
be  ta])ere(l  and  must  be  removed  before  the  concrete  is  entirely 
set  or  it  will  be  im|)ossibk'  to  withdraw  them.  After  the  machine 
is  ])ropcrly  lined  in.  cement  grout  is  poured  into  the  holes,  and 
when  it  hardens  the  machine  is  held  firmly  in  position. 

If  it  is  desired  to  nail  any  wood-work  to  a  cement  surface, 
a  piece  of  scantling  placed  against  the  inside  of  the  form  will 
become  imbedded  in  the  concrete  when  the  form  is  filled  and 
will  make  a  solid  nailing  stri]i  \.o  which  the  wood-wc'^rk  can  be 
fastened. 

The  form  for  a  concrete  wall  consists  of  two  walls  of  lum- 
ber. The  smooth  side  of  the  lumlicr.  if  it  is  dressed,  is.  of  course. 
placed  to  the  inside.  The  studs,  usually  2"x6".  are  placed  on  the 
outside.  The  concrete,  as  generalh'  used,  is  rather  wet  and  soft, 
and  wlien  placrd  in  the  form  it  exerts  considerable  pressure  in 
every  direction,  (."oncrele  is  more  than  twice  as  heavy  as  water, 
and  so.  although  it  is  not  as  fluid,  it  will  exert  almost  as  great  a 
jnessurc  as  would  water.  This  pressure  tends  to  move  the  twi> 
walls  of  the  form  ai)arl  and  must  be  provided  for  in  some  way. 
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Where  the  wall  starts  from  the  ground  and  is  only  live  or 
six  feet  high,  the  two  sides  may  be  held  in  position  by  braces 
slanting  from  the  ground.  But  in  very  many  cases  this  method 
cannot  be  used,  and  it  becomes  necessary  to  tie  the  two  walls  to- 
gether. One  very  effective  method  is  to  use  bolts  which  can  be 
tightened  up  by  nuts,  wooden  spreaders  being  used  between  the 
walls  to  keep  the  form  the  proper  width  until  the  concrete  is 
placed  in.  In  narrow  walls  the  bolts  can  be  drixen  out  after  the 
forms  arc  removed  and  used  again  ;  the  holes  left  in  the  wall 
are  plastered  up.  But  in  many  cases  the  bolts  would  have  to  be 
left  in  the  wall  and  the  ends  simply  cut  off.  The  rods  serve  no 
useful  purpose  in  the  v\'all  and  their  cost  is  considerable.  A  plan, 
which  is  considerably  cheaper  and  almost  as  effective  is  to  tie 
the  walls  together  with  strands  of  wire  twisted  until  a  sufficient 
tension  is  obtained  to  resist  the  pressure  of  the  concrete.  As  in 
the  last  case,  spreaders  are  used  to  keep  the  walls  properly 
spaced.  They  are  always  removed  just  before  the  concrete 
comes  up  to  them. 

To  avoid  excessive  pressure  on  the  forms,  and  for  other 
reasons,  concrete  is  laid  in  laA'ers.  often  not  more  than  two  feet. 
'J'o  make  a  solid  wall,  it  is  essential  that  these  separate  layers 
adhere  to  one  another  strongly.  For  this  reason,  when  a  fresh 
layer  is  being  placed,  the  bottom  layer  should  be  perfectly  clean 
and  should  be  wet.  The  concrete  is  usually  swept  as  clean  a? 
]:)ossiblc.  and  then  washed  with  water.  To  make  a  reallv  good 
joint,  it  is  a  good  plan  to  spi'inkU-  a  little  neat  cement  (i\er  the 
bottom.  Sometimes  the  first  two  or  three  inches  of  the  fresh 
layer  is  mixed  with  a  little  less  stone  in  it.  to  ensure  plcnt\-  of 
fine  stuff  at  the  joint,  ^^'he^l  leaving  work  for  the  day.  it  is  a 
good  practice  to  imbed  ])lenty  of  big.  sharp  stones  in  the  con- 
crete, leaving  half  of  each  stone  sticking  up  to  gi\e  a  good 
bond  for  the  next  layer.  In  narrow  walls,  \vhere  stones  coidd  not 
be  used,  short  pieces  of  bars  of  iron  or  steel  scrap  or  old  pipe  will 
serve  the  same  ])urpose. 

In  starting  a  wall  on  smooth  rocks,  especiallv  if  the  rock 
be  sloping,  great  care  must  be  taken  to  make  sure  that  the  wall 
will  not  slip.  The  rock  sm-face  should  be  thoroughly  cleaned 
and  washed  and  holes  drilled  at  interxals  and  fox  bolts  dri\eii 
in. 

I•^)r  ordinary  work,  concrete  is  usualh  mixed  with  a  con- 
siderable amount  of  water,  so  as  to  make  it  cpiite  soft.  Then. 
when  it  is  placed  in  the  forms,  it  will,  with  the  aid  of  a  little 
tamping,  work  into  all  the  corners  and  make  a  smooth  face  and  a 
good  bond.  (  )ne  -defect  of  this  method  of  mixing  is  that  when 
the  water  exaporates  it  leaves  the  concrete  more  porous  and  di- 
minishes the  strength  to  some  extent. 

h'or  some  work,  the  coTicrete  is  mixed  rather  dry.  almost 
like  mouldint^  sand.  If  ju-operly  tamped,  this  will  be  less  ])orous 
;in<l  ratlui-  stronger  than  the  other  mixture;  but  it  recpiires  a 
great   deal   more  care   in   handlini:-  it   'o  he  sure   e\er\-   corner   is 
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tilled  u])  and  no  holes  left.  If  it  is  not  carefully  tamped  its 
strenii;th  will  be  j^^reatly  impaired.  It  is  not  so  well  adapted  for 
ordinary  walls  and  foundations,  but  is  used  where  it  has  to  be 
trowelled,  such  as  for  the  top  coating  of  floors  and  sidewalks. 
In  concrete  woik  it  is  customary  to  mix  the  cement,  sand, 
gravel  and  stones  u])  to,  say,  two  inches  diameter,  together  in 
the  mixer  or  on  tlie  board.  I  Jut  in  most  cases  it  is  desired  to 
use  stones  largei  than  two  inches.  These  larger  stones  are  taken 
to  the  forms  by  themselves,  thoroughly  washed  and  soaked  in 
water,  and  placed  in  the  form  one  by  one.  In  a  three-foot  wall, 
rocks  as  big  as  two  feet  across  may  be  used  if  carefully  placed  ; 
and  even  in  an  eight-inch  wall,  four-inch  rocks  are  all  right.  In 
one  instance,  old  bricks  Vvtre  laid  in  an  eight-inch  wall  with  the 
four-inch  side  horizontal.  Of  course,  the  extensive  use  of  fillers 
is  not  ])ermissible  on  all  works;  they  diminish  the  strength  of 
the  work  to  some  extent  and  its  fire-proof  qualities. 

In  using  fillers,  care  must  be  taken  to  keep  them  l)ack  a  suf- 
ficient distance  from  the  face  of  the  wall.  If  a  flat  surface  of  a 
rock  or  brick  comes  within  an  inch  or  two  of  the  face,  the  thin 
layer  of  concrete  on  it  is  apt  to  come  ofif  with  the  forms  or  be 
knocked  ofl*  in  some  way  and  leave  an  ugly  hole  in  the  wall,  ex- 
posing the  filler.  The  same  is  true,  to  a  lesser  extent,  of  the 
smaller  stones.  But  these  cannot  l)e  placed  by  hand.  So  it  is 
necessary  in  every  wall  to  have  a  man  run  a  spade  or  other  tool 
up  and  down  against  the  face  of  the  form  in  such  a  way  as  to 
work  the  stones  back  and  to  give. the  fine  part  of  the  mixture  a 
chance  to  make  a  smooth,  even  finish. 

In  most  works  it  is  impossible  to  carry  up  the  whole  struc- 
ture at  once.  So  it  becomes  necessary  to  make  some  ])ro\-ision 
for  joining  the  difi'ercnt  sections  together.  One  method  of  doing 
this  is  put  steel  rods  in  the  first  section.  leaving  half  the  length  of 
the  rod  i)roiecting  at  the  joint.  The  ends  of  the  rods  are  usually 
bent  tc  nicrease  their  efficiency.  Another  method  is  to  nail  on 
the  inside  of  the  form  several  blocks  of  wood  slightly  bevelled 
so  tliat  they  may  be  removed  readily.  This  leaves  a  recess  into 
which  the  concrete  in  the  other  section  will  run. 

In  attem|)ting  to  use  concrete  in  cold  weather,  the  difticullies 
are  greatly  multiplied.  If  concrete  is  allowed  to  freeze  the  set- 
ting is  arrested,  and  the  strength  of  the  concrete  greatly  weak- 
ened by  the  destruction  of  the  cement  crystals.  Another  danger 
in  frosty  weather  is  that  the  grains  of  sand,  the  stones,  the  larger 
rocks  on  the  boltum  of  the  wall  may  be  coated  with  ice.  so  that 
the  cement  will  be  given  no  chance  to  adhere  to  them. 

(ireat  care  must  be  taken  to  see  that  everything  used  in  the 
Concrete  is  abo\o  the  freezing  point  and  will  remain  so  for  sev- 
eral hours  after  being  mixed,  so  that  the  concrete  will  have  a 
chance  to  set  proixMly.  The  water  can  be  made  (|uite  hot  by 
running  steam  into  it.  The  cenuMit  forms  only  a  small  pro- 
portion of  the  materials  and  need  not  be  heated.  The  stone, 
gravel  and  sand  are  heated  by  piling  them  over  It)ng  flues  laid 
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on  the  ground  at  a  slight  incHnation.  The  Hues  lead  the  heated 
gases  from  fires  in  the  fire-boxes  along  under  the  piles  of  ma- 
terial to  a  low  stack  at  the  upper  end.  The  larger  rocks  can 
be  conveniently  heated  by  immersing  them  in  hot  water,  or  by 
keeping  them  for  some  time  in  a  large  enclosed  box  with  steam 
turned  into  it.  A  good  way  to  \varm.  and  at  the  same  time  to 
clean  the  concrete  at  the  bottom  of  the  form  is  to  use  a  steam 
jet  under  a  low  pressure.  This  will  warm  the  concrete  and  the 
forms  and  thaw  any  ice  which  may  have  been  on  them  and  can 
also  be  used  to  blow  the  dust,  saw-dust  and  chi]:)s  into  little 
piles  where  they  can  be  removed.  Hot  water  is  not  very  good 
for  washing  the  forms  in  really  cold  weather,  as  it  will  soon  cool 
and  freeze,  making  tilings  much  w^orse  than  before  :  the  walls 
should  be  left  as  dry  as  possible  until  just  before  the  concrete 
is  ready  to  be  put  in. 

Considerable  care  is  necessary  in  taking  the  concrete  irom 
the  mixer  to  the  forms.  If  conveyed  in  steel  wheel-barrows  or 
boxes,  they  should  be  rinsed  out  with  hot  water  before  being 
loaded.  On  one  job  it  was  necessary  to  hoist  the  concrete  with  a 
derrick  and  then  dump  it  out  and  shovel  it  into  wdieel-barrows. 
In  this  case  the  concrete  was  dum]-)cd  into  aflat  iron  box  with 
a  fire  under  it  and  so  kept  warm  until  tlic  wheel-barrows  were 
ready  to  take  it  to  the  forms. 

As  soon  as  the  concrete  has  been  ])laccd  in  the  lorni  and 
properly  tamped,  it  should  be  covered  o\cr  in  some  way  to 
keep  in  the  heat.  One  good  method  is  to  have  long  canvas 
sacks  prepared  of  a  proper  size  to  tit  in  the  walls  and  fill  them 
with  straw.  These,  when  ])laced  over  the  warm  concrete,  will 
keep  in  the  heat  for  some  time. 

In  one  case,  on  a  thin  wall  on  an  exposed  part  of  the  work. 
a  line  of  old  steam  pipe  was  laid  right  in  the  form  and  left  there. 
The  concrete  was  placed  around  it  and  steam  was  kept  running 
through  the  pipe  for  several  hours  until  all  danger  oi  freezing- 
was  |)ast. 


APPLIED     SCIENCE 

INCORPORATED  WITH 

Transactions  of  the  University  of  Toronto  Engineering  Society 

DEVOTED   TO   THE   INTERESTS  OF   EXGINEEKING,    XRCHITECTUKE 
AND   APPLIED  CHEMISTRY  AT   THE   UNIVERSITY  OF  TORONTO 


Published  Monthly  during  the  College  year  by  the  University  of  Toronto 
Engineering  Society. 

BOA.R.D    OF    EDITORS 

K.  A.  Mackenzie,  B.A.Sc.  '06 Editor-in-Chief 

W.  J.  Boulton,  '09 Civil  and  Arch.  Sec. 

L.  R.  Wilson,  '09 Mech.  and  Elec.  Sec. 

A.  Duff,  '09 Mining  and  Chem.  Sec. 

R.  J.  Marshall,  '08       Ex  Officio  U.  T   E.  S. 

Associate    Editors 

H.  W.  Price,  B.A.Sc  ,  '01 Mech.  and  Elec. 

P.  Gillespie,  B.A.Sc, Civil  and  Mining 

M.  C.  Boswell,  M.A.,  Ph.D., '00       .     .     .       Mining  and  Chem. 
W.  TreaD(4old,  B.A., '05 Railway 

Advertising    Committee 

S.  S.  Gear,  '08  R.  H.  New,  '10 

T.  H.  Crosby, '09  L.  E.  Jones, 'U 

•Subscription    R.ates 

Per  year,  in  advance $  I  00 

Single  copies 20 

Advertising  rates  on  application. 

Address  all  commanications  : 

Applied  Science, 

Engineering  Bldg.,  University  of  Toronto, 

Toronto.  Out. 


Editorial 

Mr.  Stern's  iiri])c'r,  ' The  Voun^  Civil  Engineer."  which 
appeared  in  tlie  January  .Vpplied  Science,  i.s  discnssed  most  fully 
and  ably  in  this  number.  .\  great  number  of 
The  Young  the   undergraduates   and   the   recent   graduates 

Civil  Engineer  are  now  at  the  cros.s-roads  of  life  and  will  do 
well  to  carefully  study  not  only  the  discussion 
but  again  read  ijie  original  article.  The  men  who  have  so  kindly 
contributed  are  leaders  in  their  profession  in  .America,  men  who 
have  been  through  the  fight  of  life  in  some  of  its  most  strenut^us 
scenes,  men  who  have  wrestled  with  opportunity  and  come  out 
victors,  and  therefore  men  whose  opinions  must  and  do  carry 
weight. 

Too  often   the  v<ning  graduate  will   sacrifice   future  success 
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for  present  gain.  They  seem  to  forget  the  fundamental  pohit 
of  all  building-,  that  no  matter  how  fine  the  superstructure  is 
made,  if  we  build  high  the  foundation  must  be  solid. 

The  most  successful  of  the  series  of  dinners  of  the  Toronto 
Graduates  was  held  on  Friday,  March  12th.  Nearly  one  hun- 
dred members  were  present.  These  gathering-s 
The  Toronto  have  stimulated  wonderfully  the  interest  of  the 
Graduates'  graduates    in    the    welfare   of  the   School.     It 

Association  speaks  volumes  for  the  loyalty  of  the  Science 

Alumni  that  such  a  large  percentage  should  be 
present.  .Much  can  be  done  'by  such  an  organization  and  steps 
were  taken  to  put  it  on  a  more  permanent  basis.  The  following 
officers  were  elected  for  the  year :  President,  E.  Richards :  Vice- 
President,  W.  Douglas;  Secy. -Treasurer.  K.  A.  MacKenzie; 
Committee — W.  E.  H.  Carter,  J.  C.  Armer.  W.  D.  Black,  presi- 
dent-elect of  the  Engineering  Society. 

A  resolution  was  passed  instructing  the  secretary  to  com- 
municate with  the  Board  of  Governors.  ]iointing  out  to  thom 
the  great  need  of  a  new  Engineering  building. 

After  the  meeting  the  members  adjourned  to  the  L'niversity 
gymnasium,  where  the  Engineering  .Society  elections  were  being 
held.     .\  full  report  of  the  elections  will  be  given  in  April  issue. 


Readers  of  the  IJritish  technical  press  of  late  have  been 
interested  in  a  very  excellent  illustrated  article  on  "Engineering 
at  the  University  of  Toronto,"  by  Mr.  Walter  J.  Francis,  C.E., 
of  Montreal,  a  distinguished  ahininus  n\  ihc  School  of  Practical 
Science.  Mr.  Francis'  paper  appeared  in  a  recent  issue  of  The 
Engineer,  is  ])artly  historical,  partly  descriptive  of  present  condi- 
tions, and  partly  anticipatory  of  future  (Icvelopments.  and  the 
statistics  supplied  will  give  to  the  British  reader  particularly, 
some  conception  of  the  phenomenal  growth  of  this  I'aculty 
during  the  decade  just  closed.  Tt  is  of  interest  in  this  connection 
also  to  mention  the  fact  that  Mr.  Francis  contributed  to  the 
recent  convention  of  the  Canadian  Cemcnl  and  Ctincrete  .Asso- 
ciation in  Toronto  an  authoritative  ])aper  on  "  JMcld-Made  Con- 
crete." Mr.  TTancis'  extended  cxi)erience  on  engineering  works 
of  magnitude  in  Quebec.  (Ontario  and  British  Columbia  enables 
him  to  handle  such  a  subject  as  this  in  a  masterly  way.  He  is 
possessor  of  a  bright  and   readable  English  style. 


R.  W".  .Angus,  Professor  of  Mechanical  l^ngineering.  lett  this 
week  i"or  an  extended  trip  to  Europe.  His  object  primarily  is  to 
ins|)ect  the  ihermo-dynamic  and  hydraulic  laboratories  of  the 
universities  of  Great  Britain  and  the  coniinenl.  with  a  \iew  of 
incorporating  their  better  features  in  our  new  laboratc^ries.  ncnv 
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Hearing-  completion.  As  Prof.  Angus  has  already  visited  those 
of  the  leading  American  and  Canadian  universities  and  as  no 
reasonable  expense  has  been  spared,  it  is  to  be  expected  that 
the  Toronto  ones  will  rank  among  the  best  in  the  world. 

Professor  Angus  desires  to  acknowledge  the  apprecia- 
tion of  the  L'ni\'ersit_v  of  the  following  presentations  of 
machinery  and  apparatus,  recently  offered  by  various  companies. 
Among  those  which  have  already  been  presented  may  be 
mentioned : 

Two  Leonard  engines  with  dififerent  types  of  Blide  valves  bv 
E.  Leonard  &  Sons.  London.  Ont. 

One  rock  drill  by  the  Sullivan  Machinery  Co..  Xew  York, 
through  ]\Ir.  A.  E.  Blackwood,  '95. 

Marine  gasoline  engine  by  the  Canadian  Fairbanks  Co.. 
Montreal.   Que. 

Two  water  meters  by  the  X'ational  Meter  Co..  Xew  York, 
througfh  Mr.  M.  Warnock,  Toronto. 

In  addition  to  the  above  gifts,  considerable  apparatus  has 
been  supplied  at  very  low  prices,  among  which  should  be 
specially  mentioned  a  Rand  air  compressor,  supplied  by  the 
Canadian  Rand  Drill  Co.  through  Mr.  H.  \'.  Haight,  P>.A.Sc. 
These  indications  of  practical  sympathv  with  the  work  which 
we  are  doing  are  much  appreciated  airl  it  is  hoped  that  other 
firms  will  assist  us  in  the  same  wav  in  so  far  as  it  is  possible. 


PROF.  C.  H.  C.  WRIGHT  HONORED 

Some  people  arc  so  unf<>rtunately  constituted  that  they  do 
not  seem  able  to  remember  pleasant,  agreeable  things.  The 
uncharitable  and  disagreeable  so  dominate  their  lives  that  the 
happy  experiences  are  forgotten  or  crowded  out. 

Xot  so  with  the  body  of  men.  the  past  presidents  of  the 
Engineering  Society  of  the  Faculty  of  Applied  Science  of 
Toronto  L'niversity,  who  met  in  Toronto  on  the  evening  of 
March  30th  to  do  honor  to  C.  H.  C.  Wright.  P)..A..Sc.,  professor 
of  architecture  in  the  Faculty  of  Applied  Science  of  Toronto 
l'niversity.  in  their  college  days  they  recognized,  and  have 
since  remembered,  the  man  who.  with  unfailing  good  temper, 
willing  always  to  do  his  share  of  the  work  and  more,  with  a 
word  of  congratulation,  encouragement  <)r  "ginger."  inspired, 
and.  by  his  kindly  interest,  made  jileasant  and  profitable  their 
year  of  responsibility  as  presidents  of  the  students"  organization. 

Charles  Wright  was  born  on  shipboard  in  Chelsey  Harbor. 
]\Iassachusetts.  in  1864.  and  s])ent  his  boyhood  days  in  the  fishing 
town  of  Digby,  Xova  Scotia.  From  here  he  moved  to  Kingston. 
Ontario,  where  he  spent  three  years  in  tlie  public  schools.  In 
iSSo  he  entered  the  Pickering  College,  and  un<ler  its  principal. 
J.  E.   r.ryant.  received  his  mathematical  inspiration. 
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In  the  fall  of  1885  he  registered  in  the  department  of  civil 
engineering  at  the  School  of  Practical  Science,  Toronto.  As  a 
student,  he  was  successful  both  in  the  athletic  field  and  in  the 
examination  hall,  securing  in  examinations  more  first  places  than 
any  other  two  men  of  his  year. 

With  his  classmates  he  was  popular  and  was  elected  U)  the 
highest  position  in  the  gift  of  the  Engineering  Society.  His 
field  experience,  since  graduation,  was  secured  with  a  Boston 
firm  of  building  contractors,  with  whom  he  rose  to  the  position 
of  chief  of  the  estimating  staff,  liut  his  work  seemed  to  be 
academic,  and  in  1890  he  joined  the  staff  of  the  School  of  Pra- 
tical  Science  as  Lecturer  in  Architecture.  By  constant  thought, 
continual  study  and  unfailing  industry,  he  became  an  authority 
on  materials  of  construction  and  on  design. 

It  was  not  to  Wright  the  student  or  the  college  professor 
that  these  men  assembled  to  do  honor,  but  lo  Wright  the  man 
and  the  friend  of  every  undergraduate  and  graduate  of  the 
Faculty  of  Applied  Science,  h'or  eighteen  years  he  has  planned 
and  worked  and  organized.  PTc  has  studied  methods  and  studied 
men  and  studied  the  situation.  lie  has  made  himself  familiar 
with  the  conditions  in  the  schools  below  and  in  the  faculty,  in 
the  university  at  large  and  in  the  profession  :  has  weighed  care- 
fully the  situation,  and,  having  decided  on  the  proper  course, 
has  the  sand  and  the  staying  power  to  maintain  his  stand. 

.Ml  these  labors  and  pre])arations  were  undertaken  not  for 
selfish  reasons,  but  'l)ecause  he  had  vision  and  faith  in  the  future 
of  his  profession  and  of  tliis  \-oung  country,  and  that  conditions 
are  changing  rapidly,  and  thai  new  policies  must  be  devised  to 
meet  the  new  problems. 

The  honor  done  Mr.  Wright  struck  a  res])onsive  j^oint  of 
contact  among  the  graduates  of  his  alma  mater  and  in  the  public 
mind,  and  manv  kindlv  thouglits  and  messages  will  be  sent  in 
his  direction,  for  men  realize  that  removed  from  the  grinding 
routine  and  petty  annoyances  of  clerical  work  he  is  a  bigger 
man  ;  he  grows. — E.   .\.  James,  in   Canadian   h^ngincer. 
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CEMENT* 

E.  ASHTOX  HASSAN. 

Genllemen  : — ll  is  with  a  certain  amount  of  diffidence  that 
I  stand  here  this  evening,  for.  appearing  before  a  number  of 
men  of  your  standing  and  abiHty  carries  with  it  an  honor  that 
could  not  be  eclipsed"  and  for  the  privilege  of  which  I  desire  to 
tender  my  sincerest  gratitude.  Knowing  something  of  the  value 
of  your  time.  1  fear  almost  to  present  my  material  before  you, 
fearing  1  mav  fail  to  some  extent  and  therel^y  waste  your  valua- 
ble time,  and  were  it  not  with  hoix-s  that  my  paper  would  be 
beneficial  to  most  of  you  1  never  would  have  accepted  the 
invitation. 

History  chronicles  vaguely  the  events  of  a  period  known 
as  the  Stone  Age.  when  men  wrought  with  the  crudest  tools  and 
implements  and  eked  out  the  merest  existence.  lUu  man's 
necessity  made  him  progressive  and  his  cunning  taught  him  to 
devise  instruments  superior,  of  bronze,  with  which  to  serve  his 
purpose,  onlv  to  find  them  on  further  advancement  inferior  to 
the  improved  work  of  his  son  in  the  iron  .\ge.  Each  plays  its 
l)art  in  the  economy  of  Xature.  then  yields  place  to  its  betters 
and  the  Stone  Age.' Bronze  Age  and  Iron  Age  seem  to  be  yield- 
ing the  palm  to  the  Imperial  .-\ge  of  Portland  cement.  Appar- 
ently no  product  in  the  world  has  wider  application  than  l^<~'|'_t- 
land  cement,  a  man  telling  me  a  little  while  ago  that  his  wife 
had  patched  up  lier  leaky  wash-tub  with  it  some  six  months  ago 
and  up  to  date  it  was  still  in   good   condition. 

Men  are  beginning  to  realize  more  and  more  its  worth. 
especially  with  regard  to  its  fireproof  qualities,  wherein  brick. 
stone,  terra  cotta.  iron  and  steel  all  sufifer  in  comparison  with  it. 
The  great  ultimate  strength  that  can  be  gotten  in  conjunction 
with  steel  in  the  form  of  the  now  widely  known  and  yet  tin- 
known  form  of  reinforced  concrete.  It  is.  as  we  heard  a  few 
weeks  ago  in  a  lecture— I  refer  to  the  "Artistic  Bridge  Building 
Design" — the  ideal  building  material  in  bridge  construction, 
whether  for  strength,  form,  beauty  or  durability.  IVobably  there 

*.\ii  address  delivered  before  Chemical  .Section  of   KiigiiieeriiiK   Society.   J.Tim.try.  i  ,<".,  and 
.Twarded  ist  prize  for  Sttident's  Paper. 
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is  no  material  on  earth  better  adapted  for  street  pavino^  or  side- 
walks, etc.,  and  the  many  objections  raised  are  usually  prompted 
by  the  inferior  workmanship  and  lack  of  knowledge  concerning 
this  very  important  branch  of  construction. 

In  house  construction,  although  time  has  not  been  given 
as  yet  to  ornamentation,  there  is  no  limiting  the  possibility  of 
cement  with  regard  to  the  "house  'beautiful."  The  exhibition 
given  during  the  next  week  will  in  all  probability  be  a  revelation 
to  you  in  this  direction.  It  has  been  treated  to  very  good  effect, 
as  might  be  seen  in  the  buildings  of  St.  James  Church.  Brooklyn, 
N.Y.,  club  house  of  Detroit  Boat  Club.  Nassau  County  Court, 
Mineola.  Long  Island,  and  very  many  others,  a  few  illustrations 
of  which  are  here  for  your  approval. 

While  once  the  structural  steel  buildings  were  thought 
absolutely  fireproof  and  safe,  it  is  now  almost  universally  con- 
ceded that  it  must  be  supplanted  by  reinforced  concrete.  There 
seems  little  doubt  but  that  Portland  cement  has  made  work  of 
such  magnitude  as  the  Assuan  Dam,  the  marvellous  docks  of 
Buenos  Ayres  and  the  Panama  Canal,  engineering  feats  capable 
of  being  successfully  handled. 

It  might  be  well  for  us  to  nnte  with  what  rajjidit}-  the 
manufacture  of  this  product  in  the  L'nited  States  and  Canada 
has  grown.  In  the  United  States,  in  1892 — 547,440  barrels:  value 
$1,153,600:  16  plants :' in  1904 — 26,505,881  barrels;  value  $2^,- 
355-110:  75  plants:  in  1908  it  had  reached  49  millions.  T  take 
my  last  figures  from  the  paper  recently  read  before  the  Canadian 
Engineering  Society  by  Dean  Galbraith. 

While  not  being  able  to  quote  the  exact  figures  for  Canada's 
production,  from  the  business  in  which  we  have  been  er.gaged 
during  the  last  few  years,  it  has  at  least  been  increased  about 
one-and-a-quarter  million  barrels  and  with  the  two  new  ])iants 
here  in  Ontario  and  two  near  INFontrcal.  }-ou  will  be  able  to  judge 
for  yourselves  its  growth. 

\'ear  Canadian        Imported 

Barrels.  luarrels. 

1004 910,358  784,630  1.694.988 

1005 1,346,548  917.55^^  2.264.106 

1906 2,119.764  694,503  2,814,267 

3907 2,436,093  672,630  3.108,720 

1908 2,665.289  457.408  3.122.697 

.Detailed  statistics  for  j'yast  two  vcars  arc  as  below: 

1907  1908 

I'ortland   cemenl    sold    2,436.ck)3  2.665,289 

Stock  on   hand   Jan.    ist    299,015  383.349 

Portland    cement    manufactured     2. 491. 513  3.495.961 

Stock  on  hand  Dec.  31  si    354.435  i. 214.01  t 

X'alue  of  cement  sold    $3,777,328  $3,709,063 

Wages   paid    956.080  1.274.638 

Men    employed    1.786  3.029 


CE:\IEXT  243 

There  are  about  twenty-three  plants  in  Canada,  of  which 
twelve  use  marl  and  clay  and  ten  use  limestone  and  one  slaj^. 

Nor  can  we  say  that  this  remarkable  progress  is  to  end  here. 
tor  many  have  been  the  calls  for  the  erection  of  plants,  and  one 
firm  capa])le  of  nearly  3,000  barrels  per  day  capacity,  have  if 
their  machines  run  at  their  full  capacity  day  and  night  until 
the  end  of  the  year,  sufficient  orders  now  to  take  all  they  make, 
and  are  thus  seriously  considering  the  duplication  of  their  plant. 
If  you  will  pardon  an  interpolation  at  this  point,  may  I  say  that 
it  is  an  erroneous  conception  of  the  manufacture  of  cement  that 
has  led  people  to  believe  that  plants  can  be  erected  and  worked 
profitably  on  a  small  scale  and  at  small  cost,  and  to  disprove 
this  theor}-  will  be  in  some  respects  the  aim  of  this  paper. 

It  would  be  advisable  that  we  at  this  juncture  acquaint  our- 
selves with  the  material  under  discussion  and  find  out  what 
P^ortland   cement   really   is. 

There  appeared  in  the  Crawford  (Xebraska)  Tribune  in 
igoo,  an  article  in  which  the  editor,  evidently  maitilating  the 
words  of  Prof.  Barbour  of  Nebraska,  said :  "Nebraska  has  almost 
inexhaustible  beds  of  impure  limestone,  which  is  the  material 
used  in  the  manufacture  of  cement,  but  at  the  present  prices  of 
fuel  this  wealth  of  building  material  cannot  be  manufactured  at 
great  profit.  The  process  of  manufacture  is  very  simple.  Impure 
limest<)ne  mixed  with  sand  is  ground  up  and  water  added  to 
make  a  thick  paste.  This  flows  through  an  iron  pipe  heated  to 
a  white  heat  so  that  the  paste  becomes  dry  and  finally  emerges 
from  the  end  of  the  pipe  as  clinkers,  which  fall  into  a  stone 
crusher,  and  pass  between  rollers,  the  dust  falling  into  sacks 
ready  for  market."  Now,  gentlemen,  this  may  be  an  exaggerated 
case  apparently  prepared  for  the  mind  of  a  western  cowbo}-. 
nevertheless  something  of  the  above  state  of  aflfairs  exists  quite 
largely  in  the  large  and  busy  cities  of  this  country  with  regard 
to  Portland  cement  and  its  manufacture,  a  school  man  asking 
me  a  few  days  ago  if  plaster  of  paris  was  put  in  to  inake  ceiuent 
harden. 

Cement  may  bo  said  to  be  a  material  which  when  pul- 
\erized  and  mixed  with  water  into  a  paste,  acquires  the  property 
of  setting  and  hardening  under  water. 

Jn  engineering  construction  three  kinds  arc  known:  Pozzuo- 
lana  cement,  natural  cement,  and  Portland  cement.  Pozzuolana 
is  obtained  by  grinding  together  an  intimate  mixture  of  slaked 
lime  and  blast  furnace  slag  or  volcanic  scoria.  The  cement  is 
not  burnefl.  the  hydraulic  ingredients  being  present  only  as  a 
mechanical  mixture,  hence  it  never  gained  general  acceptance. 
This  must  not  be  confused  with  slag  i'ortland.  which  is  regular 
Portland,  the  slag  furnishing  the  silicious  ingredients,  taking  the 
place  of  shale  or  clay  in  the  mix. 

Natural  cement  is  the  ])roduct  resulting  from  the  burning 
and  ■iubse(|uent  pulverization  of  argillaceous  limestone  or  other 
suitable  rock  in  its  natural  state,  the  heat  of  burning  being 
sufficient  to  cause  \itrificatiini.     If.  i>entlemcn.  there  were  more 
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time  at  our  disposal,  I  might  be  inclined  to  give  this  a  further 
consideration,  but  it  must  of  necessity,  owing  to  the  title  of  my 
paper.  be  relegated  to  the  background  with  a  hope  of  furtlier 
study  on  some  future  occasion. 

Portland  Cement. — In  w^at  follows  in  this  paper  the  dis- 
cussion will  be  now  limited  to  Portland  cement,  so  that  when- 
ever the  unqualified  term  "cement"  is  employed.  Portland 
cement  alone  is  to  be  understood.* 

Le  Chatalier  in  1897  published  as  his  thesis  for  the  degree 
of  Doctor  of  Science  a  dissertation  u])<>n  "The  Experimental 
Study  of  the  Constitution  of  Hydraulic  Mortars."  in  which  he 
propounded  a  theory  that  Portland  cement  was  composed  of 
two  essential  compounds,  tricalcium  silicate  3CaOSiO..  and 
tricalcium  aluminate  3CaOAl203.  (Journal  Soc.  Chem.  Ind.  XI. 
1035.)  Spencer  B.  Newberry  ten  years  later  confirmed  the  views 
of  Le  Ohatelier  concerning  the  tricalcium  silicate,  but  held  to 
the  theory  that  the  alumina  was  present  as  dicalcium  aluminate 
2CaO.Al203.^  In  1906.  Day  and  Shephard  (Am.  Chem.  Soc. 
XXVIII,  1089,  also  Chem.  Eng.  IV.  273)  read  a  paper  before 
the  American  Chemical  Society  in  which  the}-  stated  that  no 
such  compounds  as  tricalcium  silicate  exists  and  that  the  com- 
pound so  called  by  others  is  a  mixture  of  lime  and  orthosilicate 
(dicalcium  silicate).  We  thus  find  within  twenty  years  three 
radicallv  difi^erent  theories  and  we  would  expect  that  these 
revolutions  of  theory  would  have  some  influence  upon  the  prac- 
tical manufacture  of  Portland  cement  and  the  ultimate  c  )m- 
position  of  the  commercial  product. 

R.  K.  Meade  analyzed  a  sample  of  cement  in  tSc/)  and  Mnc  in 
i<>o6  and  says:  "T  doubt  if  both  samples  had  l)een  drawn  at  either 
time,  from  cement  made  a  few  days  a]iart.  they  could  not  have 
agreed   more   closely." 

It  must  not  be  supposed,  tliough.  irom  what  1  ha\e  just 
(|uoted  that  cement  is  not  better  to-day  than  ten  years  ago;  that 
would  be  fallacious,  for  in  fact  it  is  on  an  average  very  much 
better,  but  this  progress  has  been  due  to  the  improved  mechani- 
cal appliances  rather  than  to  any  new  ideas  of  how  to  make 
Portland  cement,  especially  with  regard  to  the  fine  grinding  of 
the  raw  materials. 

The  generally  acce]ited  ihcorv  concerning  Tortland  cement, 
whicli  l)y  the  way  is  taught  in  the  ."^cliool  oi'  rractical  ."science, 
is  the  one  ])ropounde(l  b}-  Xewberry.  and  which  leads  us  as 
follows:  .Assuming  that  the  trisilicate  and  dialuminate  are  the 
mo.st  basic  compf)imds  which  can  exist  in  good  cements,  we  have 
the  following  formula:  X  (3CaOSi(^,,)  +  Y  (2CaO.'\UO.,)  in 
which  X  and  ^'  arc  variable  quantities  haxing  dififerent  values 
acc(jrding  to  tju"  relative  projiortions  of  silica  and  alumina 
present    in    the    clay    employed. 

Ref. — Annoles  des  Mines,  1887,  p.  345,  also  translation  l>y  J.  L.  Mack; 
McGraw  Publishing  Company,  New  York. 
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The  formula  3CaOSi02  correspfjnds  to  2.8  parts  of  lime  by 
weig'ht  to  I  part  of  silica. 

The  formula  2CaOALC).,  corresponds  to  i.i  part  of  lime  by 
weight  to  I  part  of  alumina,  and  substituting  weights  for  ecjuiva- 
lents  we  have  what  is  known  as  Newberry's  Hydraulic  Index, 
representing  the  maximum  of  lime  which  should  be  present  in 
a  correctly  balanced  cement.  ','<  lime  =  %  silica  X  2.8  -j- 
7'  alumina  X  i-i-  If  we  take  lime  and  silica  in  the  pro]>«jrtion 
of  2.8  and  burn  them  thoroughly,  we  get  hydraulic  properties 
slow  setting  but  ultimately  developing  great  strength.  We 
would  draw  from  this  the  conclusion  that  tlie  tricalcium  silicate 
contributes  to   the   cement   its   ultimate  strength   and   hardness. 

On  the  other  hand,  treat  lime  and  the  aluminate  in  their 
proportions  above  named,  burn  them  thoroughly  and  on  pulver- 
ization we  get  material  which  exhibits  cpiick-setting  properties 
and  we  thus  judge  that  the  dicalcium  aluminate  contributes  to 
a  cement  its  quick-setting  properties,  and  that  a  cement  high 
in  the  aluminate  will  be  a  quick-setting  cement.  Now  taking 
the  formula  and  using  it  to  calculate  the  proportion  of  lime  to 
be  used  for  a  clay  of  a  known  composition,  we  proceed  :  X  "^c  of 
silica  by  2.8,  the  AUG.,  by  i.i.  add  the  products;  the  sum  will  be 
the  number  of  parts  of  lime  required  for  100  parts  of  clay. 

As  2.8  parts  of  lime  correspond  to  5.0  parts  of  carbonate  of 
lime  and  i.i  parts  of  lime  corresond  to  2.0  parts  of  carbonate 
of  lime,  the  calculation  for  factory  work  takes  the  following 
simple  form  :  5  times  the  %  of  silica  -(-  twice  the  %  of  alumina 
=  the  number  of  parts  of  carbonate  of  lime  required  for  100 
parts  of  clay.  A  practical  example  :  Suppose  a  clay  on  analysis 
had  this  composition:  Silica  65.4,  alumina  16.5.  iron  oxide  6.1, 
lime  2.2  \  magnesia  i.(;;  moisture,  etc..  7.1  j :  total  100.  l.et  us 
calculate  the  amount  of  lime  or  carbonate  of  lime  which  must 
be  added  to  this  clay  to  produce  a  lime  correct  cement  mixture. 

%   silica  =  65.4   X    2.8  =  183.12 

%  alumina  =  1A.5  X  i-i  =     18.15 


201.27 
Less   lime   in   clav  2.20 


199.07  parts  lime  for  100  of  clay. 

As  56  parts  of  lime  corresjjond  to  100  of  carbonate  of  lime 
we  have  J99.07  X  100^  })^S-S  parts  of  carbonate  of  lime  for  100 

T6  ^^'^ 

])arts   of  clay,   the   correct    mixture   now    reading: 

("lay,  100  parts. 

I'ure  CaC03  355.5. 

The  '/(  of  carbonate  of  lime  in  this  mixture  would  be  y^'~^r. 
(  )n  burning  this  a  high  grade  cement  would  result.  pro\iding 
llie  raw  ni;iterials  were  very  finely  ground  and  perfectly  mixed 
and    I'ulK    calcined. 
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Yon  will  understand,  of  course,  that  this  represents,  as  was 
previously  stated,  the  maxitnum  of  lime  that  may  be  used  in 
safety. 

Seeing'  that  of  late  date  magnesia  and  iron  are  allowed  for, 
a  correction  by  the  way  which  seems  advisable.  I  will  endeavor 
to  give  the  steps  for  proportioning  a  cement  mixture  accordingly. 

Operation  i. —  X  %  of  silica  in  clayey  material  by  2.8,  the 
%  of  alumina  by  i.i  and  the  %  of  iron  oxide  by  0.7;  add  the 
products;  subtract  from  the  sum  thus  obtained  %  of  lime  oxide 
in  the  clayey  material  plus  1.4  times  the  *%  of  magnesia.  Call 
the  result  ". 

Operation  2. — Alultiplv  the  %  of  silica  in  calcareous  material 
by  2.8,  the  %  of  alumina  by  i.i  and  the  %  of  iron  oxide  by  0.7; 
add  the  products  and  subtract  the  sum  from  the  ^r  of  lime  oxide 
plus  1.4  times  the  %  of  magnesia  in  the  calcanous  material.  Call 
the  result  /». 

Operation  3. — Di\ide  »  by  "'.  The  quotient  will  be  the 
number  of  parts  of  calcareous  material  rec|uired  for  i  part  of 
clayey  material.     Example: 

Assuming   the    following   compositions   of 

Clav  Limestone 

.Silica   SiO.,    • 62.2  2.4 

Alumina    ALO.    i(i.i  2.0 

Iron   oxide    Fe^O,    4.2  0.3 

Lime    (CaO)     1  .'>  50.2 

Magnesia    (MgO)     t.2  1.5 

Sulphur  trioxide   (SO3)    1.7  0.6 

Alkalies    (K,O.Na,0)      0.8  0.4 

Water,   CO.   etc 12.2  42.6 

(  )l)crati<in   i.     Clay — 

Silica  X  2.8  =  62.2  X  2.8=  174.16 

Alumina  X  l-i  =  16.1  X  i-i  =    I7-7I 

.Iron    oxide  Xo.7=    4.2X0.7=      2.g4 

194-81 
[jme  X  i.o^^  1.6  X  i-O^  1.6 

Magnesia  X  1-4=  i-^  X  i-4^  1-68 

3.28 

.  •  .     I04''^t  —  3-'<'^  =  ^9i-S?>  =  "■ 

()pci-aliiMi   J.      Limestone — 

Silica  X  2.8  =  2.4  X  2.8=     6.72 

.\lumina  X  i.i  =  2.0  X  i-i  =     2.20 

Iron   oxide  Xo.7=    .3X0.7=:     0.21 

913 
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Lime  X  i-0  =  50.2  X  1-0=     50.2 

Magnesia  X  i-4=    i-5  X  i-4=       2.10 

52.30 

.  ■  .      52.30  —  9.13  =  43.17  =  ni. 
Operation  3. — 

n    =     191.53    =   4.44  parts  of  limestone 

^  43-17 

to  be  used  for  each  part  of  clay  by  weight. 

Again  let  me  remind  you  that  the  value  given  by  the  above 
formula  represents  the  highest  amount  of  lime  theoretically 
possible,  and  under  best  conditions  procurable  at  the  present 
stage  of  the  industry  one  needs  to  reduce  this  about  10%  to  get 
satisfactory  results  and  we  may  therefore  safely  state  according 
to  above  that 

4.44  =  parts  limestone  to  one  of  clay. 

0.44  =  10%   reduction  for  safety. 


4.00  =  parts  of  limestone  to  i  of  clay  to  be  actually  used. 

I  would  like  to  have  given  examples  to  you  of  the  physical 
tests,  but  as  these  are  taught  in  the  university  you  will  no  doubt 
at  a  later  date  come  into  intimate  contact  with  them. 

Chemical  analysis  of  the  finished  product  is  rarely  resorted  to 
as  hardly  any  adulteration  takes  place  owing  to  tlie  fact  possibly 
that  it  is  just  as  easy  to  make  good  cement  as  a  poor  one,  pro- 
viding parties  have  sufiicient  knowledge  of  the  essentials  of  its 
production. 

I  feel  that  I  have  hardly  done  justice  to  the  most  important 
phase  of  cement,  namely  the  chemical,  but  I  have  attempted  in 
a  brief  way  to  bring  before  your  notice  its  composition  and  it 
will.  1  would  presume,  stimulate  a  greater  interest  in  the  discus- 
sion concerning  its  manufacture.  Speaking  personally.  T  do  not 
feel  in  any  way  competent  to  discuss  at  great  length  the  subject 
of  which  I  am  here  to  learn. 

We  are  now  fullv  prepared  to  deal  with  the  raw  materials, 
and  one  word  here  of  warning:  probably  some  of  my  hearers 
will  be  called  sooner  or  later  to  pass  judgment  upon  deposits 
of  marl,  lime,  clays  or  shales  respecting  the  advisability  of 
putting  in  a  cement  plant.  A  great  responsibility  therefore  rests 
upon  such  a  one.  and  a  few  imi^ortant  things  to  bear  in  mind 
are  : 

1.  Chemical  composition   of  the  material. 

2.  Physical   character   of   the   material. 

3.  Amount    of   material   available. 

4.  l.ocation  of  the  deposit  with  respect  to  transportation 
routes. 

5.  Location  of  the  deposit  with  respect  to  fuel  supplies. 

6.  Location  of  the  deposit   with  respect  to  markets. 

lust  a  word  with  regard  to  Xo.  3.  amount  available.  A 
plant  running  on  dry  raw  materials  such  as  a  mi.xture  of  lime 
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per  kiln;  of  this  al)out  15.000  will  he  limestone,  5.000  shale. 
and  shale  will  use  about  20,000  tons  of  raw  material  per  year 
Assuming'  limestone  weighs  about  4.400  lbs.  per  yard  and  the 
shale  3,300  lbs.  ]x'r  yard,  let  us  remember  it  would  be  folly  to 
erect  a  plant  im  ])ro])erty  with  less  than  twenty  years'  supply. 
For  each  kiln  of  the  proposed  plant,  then,  there  must  be  in  sight 
at  least  3.800,000  cubic  feet  of  limestone  and  1.600.000  cubic  feet 
of  shale. 

With  regard  to  fuel  supplies,  let  us  remember  each  kiln 
with  the  requisite  crushing  machinery  uses  up  from  6.000  to 
9,000  tons  of  coal  per  year. 

There  are  two  modes  of  manufacture  of  cement,  the  (by 
and  the  wet  process,  the  difference  in  short  being  that  iii  the 
dry  process  the  material  enters  the  kiln  dry.  while  in  the  wet 
it  is  pumped  into  the  rotary  as  a  slurry.  Many  men  have  thought 
that  using  wet  marl  constituted  the  wet  process,  but  such  is  not 
the  case,  for  if  the  mix  be  dried  pre\-ious  to  its  entering  the 
rotary  it  is  called  the  dry  process. 

Taking  the  case  of  a  limestone  and  clay.  The  limestone 
is  quarried  usually  by  blasting  with  dynamite  and  the  opening 
should  be  so  located  as  to  give  as  little  stripping  as  possible, 
for  stripping  is  merely  dead  work,  adding  greatly  to  the  expense 
of  the  product,  'i^he  prevailing  ])ractice  is  to  open  up  the  quarry 
on  a  low  hillside,  so  as  to  give  a  long  working  face  and  blast 
down  in  benches.  The  mck  is  sometimes  loaded  in  cars  hauled 
by  locomotive  or  horses  to  the  mill,  but  the  better  way  is  to 
have  a  cableway  installed  of  the  type  to  be  shown  in  one  of  the 
slides,  which  has  a  great  ad\-antag"e  and  is  called  a  twin  cable- 
way,  and  the  two  towers  farthest  fmm  tlie  mill  are  on  rails  so 
that  they  may  be  moxed  in  any  direction  and  thus  facilitate 
the  handling  of  the  rock,  also  use  of  two  buckets. 

In  a  ])lant  recentl\-  erected  where  the  liiuestone  is  on  the 
mountain  side,  the  shelf  has  been  cut  sufficiently  high  to  allow 
sufficient  grade  for  cars  to  run  down  to  the  crusher  by  gravity 
and  situated  at  the  crusher  duiu])  is  a  short  car  haul  lifting  the 
cars  onto  a  trestle  bridge  where  they  receixe  sufficient  impetus 
to  go  back  to  the  cpiarry  without  further  aid.  'i'his  has  proved 
possibly  the  ciieapi'st  method  of  handling,  but  natural  advan- 
tages of  this  (lescri])tion  are  not  alwa\s  obtainable.  The  luaterial 
is  dumped  into  a  (iates  crusher  or  one  of  siniil;ir  type,  the 
modern  meihtxl  employed  b\-  \hv  largest  plants  in  L'anada  being 
to  have  a  Xo.  7  (lales  crusher,  the  material  falling  from  this 
into  a  perforated  revolving  cylinder,  the  pieces  not  going  through 
the  perforations  falling  down  into  a  N'o.  4  crusher,  the  aim  of 
the  luanufaclurer  being  to  get  the  rock  into  pieces  from  i'<2  to  3 
inches  in  si/.e  to  make  them  easier  to  dr\'.  the  material  having 
a  like  area  submitted  to  the  heat,  all  llien  being  uniform  with 
regard  to  moistme. 

Provision  is  made  for  the  storage  of  hmidreds  of  tons  of 
the  rock  so  that  in  case  of  bad   weather  when   men  cannot   work 
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in  the  (|uarry.  the  mill  will  not  suffer  and  sufficient  is  usually 
stored    t(jr   seven   days"   run. 

The  first  crusher  will  take  rocks  up  to  i8"x45",  and  is  capa- 
ble of  breaking  about  120  tons  per  hour  to  2I/2".  driving  pulley 
running  about  350  R.P.M.  with  a  iio-h.]>.  motor  and  is  worth 
about  $6,000:  while  the  Xd.  4  will  take  the  pieces  from  the 
cylinder  and  handle  theiu  with  a  50-h.j).  motor  ver_\-  easily,  the 
price  of  this  being  about  $3,000.  The  two  motors  will  cost  about 
$2,000. 

The  rock  is  taken  from  the  storage  by  the  same  conveyor 
used  for  filling  the  storage,  the  best  type  being  what  is  known 
as  the  Peck  overlapping  bucket  conveyor,  which  is  essentially 
an  endless  chain  of  buckets,  eac'h  pivoted  to  a  bar  so  that  they 
might  swing  on  their  central  axis  and  maintain  an  horizontal 
position  when  running  up  the  towers.  This  conveyor  runs  about 
150'  per  minute  and  is  worth,  installed,  about  $15  per  foot,  and 
is  w'ithout  doubt  the  most  expensive  style  of  conveyor  in  modern 
use,  but  its  perfect  running  and  the  fact  that  it  never  gives 
occasion  for  stoppages  fully  warrant  the  initial  expenditure. 

1  will  endeavor  to  explain  the  different  modes  of  conveying 
and   their  relative  values  by  means  of  the  slides  later. 

The  material  is  carried  by  this  to  hoppers  placed  above  a 
dryer,  which  is,  as  you  will  see  by  drawing  exhibited  herewith, 
an  iron  cylinder  about  5'  in  diameter  and  50'  to  80'  in  length, 
set  at  an  inclination  of  about  -ji"  per  foot,  turning  at  three  revo- 
lutions per  minute.  Inside  are  four  plates  (perforated)  project- 
ing out  from  the  sides  to  within  eight  inches  of  the  imaginary 
centre.  The  material  is  fed  through  a  water-jacketed  cast-iron 
j)ipe  and  fire  applied  by  means  of  a  furnace  whose  gases  play 
directly  into  tlie  dryer.  l-"rom  this  the  dry  rock  is  elevated  to 
the  P)all  mills  for  grinding.  Th.ere  are  se\-eral  tyj)cs  of  pulveriz- 
ing mills  which  arc  used  at  this  stage,  one  well  known  and  at 
one  time  largelv  used  being  the  Griffin  mill,  of  which  I  will  show 
a  picture  later  and  which  T  will  then  describe.  There  is  also  the 
Kent  mill.  I  Ituitingdon.  Lehigh  pulverizer  and  Kominuter.  P)all 
mills  are  made  by  a  niunl)er  of  manufacturers  but  the  types 
mostlv  found  in  cement  j)lants  are  the  Schmidt,  Gates,  and 
Krupp:  there  is  \erv  little  difference  in  their  mechanism.  T 
have  here  for  your  notice  drawings  of  a  Pall  mill.  The  machine 
has  a  through  shaft  with  journals  running  in  bearings  at  both 
ends.  The  machine  consists  of  a  drum  with  two  strong  end 
plates  between  which  curxed  drum  plates  are  fixed.  These 
l)lates  flo  not  form  a  cylinder,  hut  one  end  of  each  is  set  a  few 
inches  nearer  the  centre,  thus  forming  ste]")s.  the  balls  and 
material  falling  over  these  steps  when  the  drum  revolves  and 
thus  the  material  is  pounded.  The  drum  is  surrounded  exter- 
nally by  a  fine  cylindrical  ])hosphor  bronze  or  steel  wire  gauze 
fit  in  narrow  sections  so  that  they  may  be  taken  out  and  replaced 
with  finer  gauze  according  to  degree  of  fineness  required  :  the 
ones  often   used  are  20-mesh  $125   phosphor  bronze   wire  open 
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.05  —  016  =  .034".     Each  section  rc(|uires  piece  of  screen  2fx^i" 
and  twelve  to  each  mill. 

The  Jjall  mill  contains  iron  balls  as  follows:  87  5"  balls,  18 
pels,  each  ;  128  4"  balls.  10  pds.  each  ;  300  3"  balls,  5  pds.  each  : 
net  4,366  Il3s. 

The  drum  revolves  at  21  R.F.AL,  requires  a  75-h.]).  motor 
and  can  grind  to  a  residue  of  76.2%  on  a  100  sieve  21  barrels  per 
hour.  A  Griffin  mill  will  reduce  about  5  bbls.  per  hour  to  95% 
pass  a   100  mesh. 

[M-oni  the  Hall  mills  the  rock  is  transferred  by  means  of  a 
screw  or  spiral  con\eyor  to  large  steel  wood-lined  bins.  Exper- 
ience has  led  us  to  always  keep  steel  from  contact  with  the  rock 
or  cement  as  the  steel  sweats  and  moisture  is  thus  imparted  to 
the  material,  while  the  main  idea  is  to  keep  it  dry.  It  is  during 
its  storage  in  this  bin  that  the  rock  samples  are  taken  and 
analyzed,  the  bin  being"  partitioned  ofT  into  six  divisions.  After 
analysis  it  is  ready  for  the  scales.  While  this  process  has  been 
going  on  a  similar  process  with  the  exception  of  the  use  of  a 
Blake  crusher  for  reducing  to  size,  has  been  going  on  with  the 
clay,  and  we  find  bins  of  like  manner  but  much  smaller  now 
filled  with  coarse  ground  clay  which  is  awaiting  the  verdict  of 
the  chemist.  After  the  report  has  been  received  from  the  chemist 
the  materials  as  per  his  instructions  with  regard  to  weight,  are 
now  weighed. 

From  the  weighing  Imppers  the  two  materials  are  dn>])ped 
simultaneously  into  a  screw  conveyor  which  to  some  extent 
mixes  the  two,  which  is  now  callefl  the  "mix."  The  mix  is 
elevated  and  conveyed  to  hoppers  a'boxe  the  tube  mills  and  is 
automatically  fed  into  them,  and  by  constant  turning  in  the  tube 
becomes  perfectly  mixed  as  well  as  perfectly  pidverized. 

The  tube  mill  is  a  c\lin(ler  usually  about  5'x22'.  It  is  filled 
to  4"  above  centre  line  with  Hint  pebbles.  The  mill  makes 
jy  R.I'.M..  contains  about  ii  tons  of  pebbles  and  requires  about 
f)4-h.p.  motor.  They  will  grind  that  95%  pass  100  mesh  and 
residue  a  20  mesh.  Their  capacity  is  about  13  bbls.  per  hour, 
but  here  are  recorrls  in  w'hich  a  mill  ground  5.854  yards  in  963 
hours,  or  6.07  yards  per  hour :  on  another  occasion  8,403  yards 
ground  in  1,357  ^lours,  or  6.2  yards  per  hour.  A  mill  is  worth 
about  $2,500  and  thus  with  P>all  mills  at  $4,500  a  battery  will 
figure  installed  at  a1:)out  $10,000. 
and  is  taken   to  an   elevator  and   lifted   to  a   large  bin   standing 

The  mix  leaves  the  tube  mills,  falls  into  a  screw  C(^nveyor 
above  the  rear  end  of  the  kilns. 

We  have  now  arrived  at  the  most  inqinrtant  branch  of  [\')rt- 
land  cement  produclinn.  tiiven  the  'best  chemists  and  an  abso- 
lutely perfect  mix  for  combination,  carelessness  at  this  stage 
would  prove  disastrous. 

The  rotary  kiln  as  at  lirsi  used  in  cement  manufacture  was 
only  40'  long"  and  at  Sandusky,  (  )hio.  some  sixteen  years  ago 
two  were  joined  together  and  new  gearing  placed  in  under  the 
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superintendence  of  R.  D.  Hassan,  in  conjunction  with  our  fore- 
most cement  chemist,  Mr.  S.  15.  Xewbcrry.  This  so  revolu- 
tionized the  manufacture  that  engineers  in  the  cement  industry 
after  visiting"  Sandusky  immediately  adopted  it  and  it  has  been 
little  changed   since. 

I  have  here  drawings  of  the  friction  \\heels  and  drixing  gear 
as  they  are  used  to-day. 

The  80'  rotarv.  then,  is  practically  the  most  universal, 
although  at  ])resent  time  we  are  using  90'  and  will  in  the  next 
factory  put  in  100'  kilns.  Allow  me  to  here  state  that  where  the 
wet  process  is  used  the  longer  the  kiln  the  better,  and  150'  is 
about  the  most  economical  for  such  purposes.  They  range  from 
6'  to  9'  in  internal  diameter.  T.ined  with  very  resistant  fire  brick 
about  half-way  down  the  kiln  from  6"  to  10"  in  def)th  to  with- 
stand both  the  high  temperature  to  which  its  inner  surface  is 
subjected  anrl  also  the  destructive  action  of  tlie  molten  clinker. 
Our  present  kilns  are  not  always  of  equal  diameter  throughout, 
some  being  smaller  at  the  stack  end.  accomplished  b}'  means 
of  a  reducing  section  just  beyond  the  middle  in  the  shape  of 
a  frustvuu  or  cone. 

The  theory  being  based  on  the  gases  cooling  as  they  near 
the  upper  end  should  be  confined  to  a  smaller  area  to  keep  their 
efficiency. 

With  a  90'  rotary  pushing  it  \ery  hard  it  is  possible  to  get 
240  lbs.   per  day. 

For  the  firing  of  the  kiln  and  burning  of  the  cement,  oil, 
gas  and  coal  have  been  used.  Natural  gas  is  used  in  some  plants 
both  in  the  States  and  here  in  Ontario,  and  the  chief  objection 
is  that  you  cannot  force  a  kiln  with  gas  like  you  can  with  coal. 
Oil  is  generally  accepted  to  be  the  best  and  was  certainly  at  one 
time  the  cheapest  material  for  burning  cement,  i  gallon  of  oil 
being  equivalent  to  12  lbs.  of  coal,  or  i  lb.  of  oil  ^  2  lbs.  of  coal. 
The  question  of  fuel  consumption  is  the  one  which  agitates 
the  mind  (jf  the  cement  manufacturer  and  it  is  in  this  feature 
possibly  more  than  any  other  which  ofifers  best  pros])ect  of 
improvement  in  the  matter  of  economy.  Owing  to  diversity  of 
conditions  at  different  factories  a  calculation  can  on.ly  be  approxi- 
mate. The  amount  of  coal  used  in  burning  a  barrel  of  cement 
IS  about  If0.i20  lbs.  for  dry  material  and  150  to  160  for  wet 
material  50%  water. 

The  actual  burning  of  cement  C()nsumes  a  definite  am(^unt 
of  heat  which  is  absor'bed  in  evaporating,  the  water  contained 
in  the  material  heating  up  the  dry  mixture,  decomposing  the 
carbonate  and  sulphate  of  lime  ])resent.  heating  the  gaseous  pro- 
ducts to  tiie  stack  temperature  and  finally  heating  the  calcined 
material  to  the  point  of  sintering.  .\s  the  sj)ecific  heats  of 
decomposition  of  all  these  substances  are  known  it  is  possible 
to  calculate  approximately  the  number  of  heat  units  and  amount 
of  fuel  which  should  theoretically  be  recpiired  to  produce  a 
barrel  of  cement  under  various  conditions. 
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Let  us  assume  the  use  of  a  coal  which  has  a  theoretical  value 
of  13.400  heat  units  and  for  its  combustion  requires  10.2  lbs.  of 
air  per  pd.  of  coal.  Assuming  that  the  temperature  of  the  kiln 
building-  is  70°  F.  and  products  of  combustion  escape  as  they 
often  do  at  1500°,  wc  will  work  out  that 

2.75  lbs.  COo  sp.  ht.  .22  at  1500  ^      871 
.464  lbs.  water  sp.  ht.  .48  321 

8.065  ^l^s.  X.  sp.  ht.  24  2,794 


3.986 

If  50''/  more  air  be  added  than  theoretically  required  this 
will  a])s<)rb  1,763  h.u.  The  available  heat  of  I  I'b.  of  this  coal 
will  therefore  be  13,400. 

Products  of  combustion  consume  3986,  then  heat  units  avail- 
able with  theoretical  air  will  be  9414  and  50%  more  air  consumes 
1763:   the  heat   units   available   with    i  f/    theoretical   air   will   be 

7,651. 

Let  us  now  assume  the  mix  is  CaCO..,  75*/^.  SiO,  15,  alumina 
and  iron  oxide  5.  mg.  and  alkalies  2.0  combined,  water  2.0, 
SO.,  i.o.  600  lbs.  of  this  mix  will  g'ive  384  lbs.  of  cement,  the 
balance  representing"  CO._,  water  and  SO.^  passing  off  in  gaseous 
form  at  stack  temperature. 

The  heat  units  \vill  therefore  l)e  the  mix  introduced  at  the 
u])per  end  in  the  fi)rni  of  (lr\-  nowder  and  the  clinker  discharged 
white  hot  at  a  tem])cratiire  of  about  2.500°  /^.  and  the  gaseous 
products  leaving  the  kiln  at  1.500°  /''. 

450  lbs.  of  carbonate  of  lime  decomposed  at  765.  .  344.250  54.7 
12  lbs.  of  water  evaj:)orated    and    heated  60°   to 

1,500° 20,832       },.:s 

6  lbs.  of  sulphuric  anhytlride  liberated  at  1,890  .  .  11.340  1.8 
600  lbs.  of  mix,  heat  60°  to  1.000°  sp.  ht.  .2  ..  112.800  18.0 
384  lbs.  of  clinker  heated  T.ooo°  to  2,500°  sp.  ht.  .2  115.200  18.3 
204    lh>.    of   carbon    dioxide    and    sulphur    dioxide 

heated  00°   to    1,500°   at   .24  sp.   hi 24.480       3.9 


628,902   100 

.".  coal  required  per  barrel  of  cement 

W  illi   theoretical  air  supply  628.902  -^  9.414  =  66.9  lbs. 

W  ilh  1  V>  times  theoret.  air  supply  628.902  -f-  7.651  ^  82.2  lbs 

.\ctually  used  by  us  in  manufacture.  120  lbs.:  difference 
about  40  lbs. 

The  above  cinnpuiations  are  only  approximate,  but  \t>u  will 
readily  see  that  the  cliiiker  discharged  at  2,500°  /".  will  if  cooled 
to  (^'^  give  up  about  185.000  heat  units  or  enough  to  lieat  the 
theoretical  air  sup|)ly  from  60°  to  ^,143  or  t  '  _.  times  the  theo- 
retical air  to  932°.  With  this  in  mind  the  clinker  is  allowed  to 
drop  into  a  pit  from  whence  the  gases  and  hot  air  are  conducted 
by  means  of  ducts  to  the  fan  for  air  supply  and  also  to  the  coal 
grinding  dc])artment  for  use  of  drying  the  coal,  the  hot  air  being 
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allowed  to  escape  into  a  rotary  dryint^  kiln  in  which  the  coal  is 
being  passed  through. 

There  is,  of  course,  the  gas  of  the  stack  yet  to  deal  with,  and 
this  could  'be  utilized  in  much  the  same  way  by  leading  it  back 
over  the  kiln  and  using  it  for  air  supply,  but 'the" foremost  cement 
expert  is  anxious  to  keep  abreast  with  the  times  and  is  sacrificing 
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at  the  ])resent  time  these  gases,  engaging  himself  in  the  design 
and  pertecting  oi  :i  nnxK-  of  burning  cemeni  1)\-  elcclricitv.  in 
which  1  naturally  wish  him  cxery  success. 

The  method  of  feeding  the  coal  into  the  kiln  I   will  exp'iin 
bv  means  of  a  slide  later. 
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Althouo^h  some  seven  or  eight  years  ago  the  clinker  on 
leaving  the  kihi  was  run  into  towers  or  cylinders  for  cooling, 
the  modern  method  is  to  transfer  it  to  a  storage  and  let  it  cool 
gradually  itself,  capacity  being  made  for  about  locooo  barrels. 
These  bins  are  filled  by  means  of  a  continuous  conveyor  which 
runs  in  a  tunnel  below,  then  up  a  tower  and  covers  the  entire 
distance  of  the  rotaries.  thereby  can  be  made  to  dump  the 
clinkers  into  any  part  of  the  storage,  so  that  while  one  end  is 
being  filled  with' hot  clinkers,  the  cold  is  taken  from  the  opposite 
end  to  the  BaU  mills  for  grinding. 

After  the  preliminary  grinding  by  the  Rail  mills,  the  mater- 
ial is  conveyed  to  scales,  where  the  right  proportion  of  calcium 
sulphate  or  gypsum  is  added  to  retard  the  setting.  Just  a  Avord 
here  with  regard  to  the  addition  of  gypsum.  The  high  limed 
clinker  which  is  produced  in  the  rotary  process  is  naturally  ver^y 
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quick  setting  and  in  order  to  reiard  this  some  what.  sul|)hate  of 
lime  in  the  form  of  gypsum  is  now  universally  employed.  If 
added  in  quantities  from  2  to  3  %  it  retards  the  set  of  the  cement 
proportionatclv.  and,  strange  to  say.  increases  slightly  the  tensile 
slrcnglh,  ])\\{  in  greater  quantities  its  retarding  influence  be- 
comes less  and  linally  negative.  Considerable  discussion  has 
taken  place  as  to  in  which  form  the  calcium  sulphate  should  be 
added.  Crude  gypsum  is  natural  hydrous  sulphate  of  lime, 
formulae  C'aSO,  +  2FI.,0.  Plaster  of  Paris  is  obtained  by  heat- 
ing gypsum  at  350  to  400°  /^..  the  result  being  that  three-fonrths 
of  tile  1T..()  is  driven  ofif  and  we  have  jCaSO,  -f  TT.^(  ).  If  this 
be  calcined  .ii  temperature  above  400  we  get  the  anhydrous 
plaster  or  simply  CaSO,.  A  misleading  statement  has  been 
made,  which  is  in  brief  ihai  plaster  of  paris  ])ccause  of  its  greater 
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chemical  activity  will  be  more  effective  than  j^ypsum.  weight  for 
weight.  The  fallacy  involved  is  revealed  when  it  is  considered 
that  the  calcium  sulphate  added  to  the  cement  has  absolutely  no 
effect  until  the  mixture  is  gauged  with  water :  and  this  addition 
of  water  will  naturally  reconvert  the  plaster  of  paris  immediately 
into  the  hydrous  lime  sulphate,  gypsum.  Any  argument  based 
on  relative  chemical  activity,  so  called,  is  therefore  fallacious 
and  the  sulphate  is  usuallv  added  as  gvpsum.  corresponding  tc 
formula  CaSO,  +  2H2O.  "  '  " 

The  mixture  going  through  the  tube  mills  becomes  inti- 
mately mixed  and  is  ground  to  finished  product  and  then  con- 
veyed to  the  warehouse,  where  prox-ision  is  made  for  about 
100.000  lbs. 

The   bins   are   usually   of   plank    construction,   starting"   with 
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layers  of  2x10  for  about  four  feet,  then  2x8.  then  2x6.  and  2x4 
to  finish.  The  material  is  thus  kept  from  moisture.  For  pre- 
paring for  shipment  it  is  conveyed  by  means  of  a  spiral  or  belt 
conveyor  m  a  tunnel  to  packing  room,  where  it  is  elevated  to 
hoppers  under  which  are  placed  scales  working  automatically, 
and  although  their  ca])acity  is  to  bag  four  per  minute.  T  liave 
run  them  at  six  per  minute  for  a  considerable  period. 

In  this  country  a  bag  contains  S^y^  2  lbs.,  while  in  tlie  I'nited 
States  they  are  shipped  at  95.  four  bags  to  a  l^arrel  making  a 
Canadian  barrel  350  lbs.,  and  the  American  380  lbs. 

We  have  made  cement  at  as  low  as  55-54  cents  per  barrel, 
but  if  you  make  them  for  90  cents  it  is  considered  good  work. 

.•\  modern  six-rotary  jilant  will  cost  about  $800,000.  and  with 
a  reserve  amount  of  $25,000  per  kiln  to  allow  for  time.  etc..  to 
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put  the  cement  on  the  market,  you  will  readily  understand  that 
a  million  dollars  is  about  the  necessary  capitalization  for  a  plant 
to  be  built  and  operated  successfully.  Althoug^h  we  have  only 
l3uilt  two  plants  in  this  country  they  are  the  lar^s^est  and  acknow- 
ledged to  be  the  best  equipped  and  most  modern  in  the  country. 
One  of  them  last  year  closed  the  financial  year  showinj:^  a  pay- 
ment of  i8%  dividend  with  $68,000  put  to  a  sinking  fund,  bring- 
ing that  up  to  $250,000. 

Never  having  one  bag  of  cement  returned  is  the  record, 
due  1  believe  to  this  fact,  that  the  materials  during  the  dififerent 
stages  act  so  treacherously  that  it  can  be  said  upon  the  chemist 
literally  hangs  the  responsibility.  I  am  about  to  show  a  diagram 
showing  with  what  completeness  the  materials  are  tested.  You 
will  notice  sixteen  separate  tests  are  made  and  these  through 
improved  storage  capacity  are  made  each  hour.  The  samples 
are  being  constantly  collected.     I  will  show  the  method. 

The  two  raw  materials  are  correctly  analyzed  and  accurately 
proportioned  before  they  enter  the  mill,  then  a  distinct  bin 
analysis  is  made  before  mixing. 

It  is  an  utter  im]:)ossibility  to  ])roduce  a  uniform  Portland 
cement  without  a  definite  mixture  of  the  ingredients  or  raw- 
materials,  hence  the  great  importance  of  a  perfect  chemical  and 
mechanical   arrangement  to  accomplish  this  purpose. 

Uy  reason  oi  the  prominent  place  Portland  cement  now 
holds  in  the  building  arts,  more  attention  is  being  given  to 
quality  by  the  architect,  engineer  and  builder  than  ever  'before 
in  the  history  of  the  industry,  and  it  may  reasonably  be  predicted 
that  in  the  near  future  the  government  will  inspect  and  grade 
cements  as  they  now  do  other  commercial  commodities. 

Note. — During;  the  lecture  numerous  slides  were  thrown  on  the  canvas 
and  raw  materials  in  various  stages  of  manufacture  were  handed  around  for 
inspection. — Ed. 
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F.  C.  DYER. 

If  we  shake  some  crushed  rock  with  water  and  allow  it  to 
subside,  we  notice  a  coarse  part  settles  almost  immediately — 
that  we  call  "sands" — and  another  portion  that  settles  hut 
slowly,  and  is  termed  "'slimes." 

The  terms  "sands"  and  "slimes"  are  two  convenient  hut 
loosely  applied  words.  Some  writers  say  "slimes"  when  fairly 
coarse  sand  is  included,  others  restrict  the  word  "slimes"  to 
that  finest  portion  of  all,  that  settles  with  extreme  slowness. 

Canvas  is  peculiarly  adapted  to  catch  fine  slimes.  !\lechani- 
cal  difficulties  in  making  it  travel  over  rollers  in  belt  machines 
have  hindered  its  use  to  some  extent.  \"anners  are  on  the  mar- 
ket with  canvas  belts.  Either  as  a  stationary  intermittent  table 
or  as  slowly  travellint^'  continuous  belts  it  is  able  to  catch  smal- 
ler particles  than  any  other  table.. 

An  attempt  was  made  to  observe  the  movements  of  parti- 
cles on  a  canvas  table,  with  a  low  power  microscope. 

It  was  noticed  that  the  roug'h  hairy  surface  caused  the  bot- 
tom layer  of  water  to  move  with  unusual  slowness  favoring-  the 
settlino^  of  fine  particles. 

2.  The  small  ridges  formed  bv  the  crossing  of  the  war])  and 
woof  act  as  riffles,  collecting"  t'he  concentrates,  but  owing'  to 
the  slowness  of  the  water  at  the  bottom  the  cleaning  was  imi)er- 
fect. 

3.  The  loose  fibres  entangle  mechanicall}-  fine  particles  that 
would  otherwise  float  off.  I  loth  ore  and  gangue  particles  are 
caug^ht.  hence  the  concentrates  from  a  canvas  table  are  rather 
lower  grade  than  from  other  tables.  Against  this  may  be  set 
the  facts  that  can\-as  tables  are  cheap  and  catch  what  would  he 
otherwise  lost. 

Measurements  were  made  of  the  size  of  the  smallest  par- 
ticles a  canvas  table  would  catch.  The  same  itre  was  used  as 
in  other  tests.  The  coarser  slimes  were  taken  out  with  a  slime 
table,  'i'he  canxas  table  had  just  s!oi)e  enough  to  carry  ■ 'tt 
the  visible  while  (|uartz  tailing-^. 

The  concentrates  were  sluiced  into  a  jian,  allowed  to  set- 
tle three  minutes,  and  the  water  with  the  fine  particles  in  sus- 
pension poured  ofi^.  These  particles  were  g;i\-en  time  to  settle 
and   measured   with   a   micrometer  microscope. 

The  average  diameter  was  .nj  mm  01  about  .0075  inches. 
With  concentrates  of  greater  specific  gra\ity,  finer  particles  still 
would    probably    be   caught. 

The  Willley  slimer,  though  a  canvas  table,  is  ])ainted 
The  hairs  are  "layed"  and  the  "riffles"  partially  filled  up.  there- 
fore i)ro1)al)I\  il  cannot  catch  such  line  particles  a<  tresh  canvas 
surfaces. 

The  rubber  belts  of  Winners  are  sometimes  finely  cTru- 
irated   or  rifiled   to  catch   more  concentrates. 
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If  the  waters  in  the  launders  and  on  the  tables  is  carefully 
examined  it  will  almost  always  be  found  to  have  particles  of 
concentrates  floating  on  its  surface. 

If  by  any  chance  the  concentrates  become  exposed  to  the 
air,  as  soon  as  the  water  again  touches  them  a  stream  of  con- 
centrate particles  will  float  out  on  the  water. 

This  paradoxical  floating  of  high  specific  gravity  particles 
on  water  of  low  specific  gravity  is  the  misnamed  Greasy  I*"lota- 
tion. 

Though  small  at  an}-  particular  place,  this  loss  multiplied 
by  the  long  time  it  operates  may  amount  to  a  serious  f|uantity 
in  the  operation  of  a  large  mill. 

Sometimes  an  inclined  blade  dipping  below  the  surface  of 
the  water  is  placed  across  launders  to  force  floating  particles 
below  the  surface.  ^ 

The  term  "floating"  here  always  refers  to  particles  swim- 
ming on  the  surface  while  "suspended"  refers  to  particles  swim- 
ming bclozv  the  surface. 

A  more  serious  and  diflicult  loss  to  prevent  occurs  in  the 
suspended  particles. 

Since  the  volume  of  a  sphere  diminishes  as  the  cube  of  the 
radius  and  the  surface  only  a-^  the  scpiare.  a  point  must  be 
approached  when  the-  resistance  to  a  particle  settling,  which 
depends  on  the  size  of  the  particle,  must  approximately  equal 
the  weight  which  depends  on  volume.  The  closer  this  approxi- 
mation, the  more  slowly  the  particles  fall. 

The  reasons  for  slow  settling  of  fine  slimes  are  referred 
to  later. 

Since  a  sphere  has  a  maximum  \(ihune  fur  a  gi\en  surface 
suspended  particles  of  difl'erent  sha])e  may  be  com])arati\cly 
large  and  have  a  slower  settling  rate  than  spheres. 

T')  illustrate  the  loss  that  occurs  in  the  various  sizes  of 
particles,  an  ore  of  chalcopyrite  and  quartz  was  sent  over  the 
tables.  The  ore  was  crushed  under  stamps,  the  coarse  sands 
removed  by  a  classifier  and  sent  to  a  Wilfley  table.  The  fines 
were  sent  to  the  slime  table.  Samples  of  the  feed  and  tails  were 
taken  at  interxals.  The\-  were  dried  screen  sized  and  weighed. 
The  assaying  was  done  by  the  Guess-Haultain  electrolytic 
method. 

In  the  drying  the  finest  particles  tend  to  flocculate  and  even 
to  form  hard  lumps,  and  to  stick  to  the  larger  grains.  Gentle 
rubbin;^-  was  employed  to  disintegrate  the  floccules.  but  the 
weights  are  only  ajiproximate.  the  finest  size  through  200  mesh 
probably  being  most  underweight.  If  great  accuracy  were 
recpiired  elutriation  methods  would  be  necessary.  The  assay 
value  of  the  finest  sort  will  be  correct,  that  of  the  others  slightly 
high. 

1   Callow      Milling.  Vol.    III.   )>.    u- 
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Tlie   followinif   table   shows   the   weights   and   value   of   the 
feed  to  a  slime  table : 

FEED. 


Mesh  of  Screen 

Per  Cent. 

of 
Weight 

Assay  Value 
Per  Cent, 
of  Copper 

Per  Cent, 
of  Total 
Copper 

On 

Through 

100 

120 
150 
200 

100 
120 
150 
200 
Loss 

S0.49 

8.05 

3.55 

12.92 

53.92 

1.07 

1.88 

2.02 
1.71 
2.64 
4.85 

10.8 
4.6 
1.7 
9.3 

73.3 

The  loss  is  almost  entirely  of  the  finest  size.  Note,  over  50 
per  cent,  passes  throuf^h  200  mesh  and  carries  over  7o9c  of  the 
total  values. 

.*>imilarly  the  tails  were  screen  sized  and  assayed.  Small  dif- 
ferences will  be  noticed  in  the  percentage  of  sizes  of  feed  and 
tails,  due  to  the  difficulty  of  making  an  exact  separation.  The 
difTerence  is  not  enough  to  affect  the  conclusions  drawn. 

Again,  note  the  high  percentage  of  finest  sort  with  high 
assav  value,  and  that  this  same  size  carries  over  90%  of  the 
total'  loss. 

The  following  table  gives  the  weights  and  values  of  the 
tails: 

SLIME  TABLE  TAILS. 


Mesh  of 

Screen 

Per  Cent, 
of  Total 
Weight 

Assay  Vahie 
Per  Cent, 
of  Copper 

Per  Cent, 
of  Total 
Copper 

On 

Through 

100 

19.5 

0.25 

2.1      ' 

120 

100 

8.29 

0.28 

1.0 

150 

120 

3.78 

0.28 

0.5 

200 

150 

11.08 

0.54 

2.6 

200 

55.74 

i       - 

3.80 

93.7 

Similar  results  were  obtained  on  another  slime  table. 

SLIME  TABLE  TAILS. 


Mesh  of 
On 

Screen 
Through 

Per  Cent, 
of  Total 
Weight 

.\s.sav  Value 

Percent. 

Copper 

Per  Cent, 
of  Total 
Copper 

120 
200         ^ 

120 
200 

22.8 
21.0 
56.2 

0.27 
0.30 
2.67 

3.7 

3.9 

92.S 
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On  both  tables  over  90%  of  the  loss  occurred  in  the  finest 
sizes. 

Between  molecules  exists  a  state  <it'  mutual  attraction — a 
particular  form  of  the  universal  force  of  ,Q;ravitation' — of  ex- 
tremely small  rauf^e. 

The  molecular  attraction  is  sometimes  said  to  be  "insensi- 
ble at  sensible  distances. "- 

Thoug"h  limited  in  rang'e  this  force  is  verv  powerful. 

In  the  case  of  a  water  and  air  surface  the  sum  of  attractions 
on  the  water  side  of  the  surface  is  much  larger  than  on  the  air 
side,  where  the  molecules  are  much  scarcer.  The  net  result 
is  the  attraction  of  each  molecule  on  the  surface  towards  the 
interior  of  the  liquid. 

If  the  mass  of  water  is  sufficiently  small  it  will  take  a 
"lobular  shape.  The  result  is  exactly  as  if  the  outer  layer  of 
nn)lecules  were  an  elastic  contractile  skin.  This  effect  is  kunwn 
as  surface  tension.  The  amount  of  the  tension  has  been  calcu- 
lated bv  Sir  W.  Thompson  as  ~^  d}nes  ])er  lineal  centimetre.^ 
A  o^ood  illustration  of  the  immense  force  exerted  b}-  these  sur- 
faces is  L;'i\en  by    Tail.* 

'i'wo  glass  ])lates  6"  scpiare  are  separated  b\-  a  film  of  water 
1/200"  thick.  The  meniscus  of  water  around  tlie  etlge  of  raditis 
1/400"  exerts  a  pull  of  between  C)  and  7  lbs.  in  addition  t-  the 
adhesiou  o\er  the  surface. 

If  a  solid  bo(l\-  instead  of  air  is  touching  the  water  the 
nund)er  of  molecules  on  each  side  of  llie  surface  of  contact  will 
be  more  nearly  ec|ual.  If  the  attraction  by  the  solid  molectiles 
is  g'reater  than  tbe  water  surface  tension  the  body  will  be  wet- 
ted.    Otherwise   the  solid   will   be   "non wettable." 

\'ow,  consider  a  solid  ])article  immersed  in  water.  Let  it 
be  un wettable.  Allow  it  to  come  to  the  surface.  The  adhesion 
between  solid  and  water  is  less  than  the  surface  tension  of  the 
surfaces,  therefore  the  film  of  water  will  l)e  torn  irom  above 
the  ])article.  The  surface  tension  tends  to  pull  the  whole  water 
surface  into  a  spherical  shape,  hence  the  particle  is  eiected  and 
supi)orted  1)\  the  outer  film  of  water.  A  hollow  will  be  formed 
in  the  water  surface  to  produce  Indrostatic  eipiilibrium.  The 
particle  will  tloat  unless  the  weight  is  great  enough  to  overcome 
the  siu'face   tension. 

The  maximum  size  of  a  particle  that  can  tloat  1)\-  greasy 
notation  depends  on  the  surface  tension  of  the  water,  the  adhes- 
ion between  water  and  solid,  the  length  of  circumference  at  the 
water  line  ;ind  the  weight  of  the  particle,  or  the  more  irregular 
and  n.ike\-  and  the  more  nonwettable.  the  larger  the  floating' 
particle. 

.\  wetted  ])article  can  never  come  to  ihe  surface.      Adhesion 

1   .sir  W.  Thompson .     Coiistittilioii  of  M.Tttcr.  p-  49. 

J  n.Twktslniiv.     'riiins    Koy.'U  Sooktv,  \'ot.   XXVI,  p.  i7(xi. 

,^  .Sir  \V.  Tli<)ni])s<)ti.     Coiistitntion  of  Matter,  p.  49. 

4  T.-iit.     rropt-rlics  of  M.Tttir,  p.  247. 
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will  always  keep  a  film   of  water  over    it    and    render    "creasy 
flotation"   impossible. 

Now,  let  the  nonwettable  particle  grow  smaller  and  be 
immersed.  As  the  radius  of  curvature  decreases  the  resultant 
of  the  surface  tension  towards  the  centre  of  the  narticle  wib 
increase.  This  resultant  plus  the  attraction  between  the  solid 
and  liquid  particles  will  at  some  point  equal,  and  then  exceed 
the  surface  tension  of  the  liquid.  The  film  of  water  surround- 
ing the  solid  \Nill  I)e  bound  firmly  to  it,  and  the  fine  "nonwet- 
table particles  act  as  though  wetted,  anrl  "greasv  flotation  for 
them  ceases,  conseciiiently  there  is  an  inferior  limit  to  the  size 
of  floating  particles  that  can  emerge.  Measurements  confirm 
this. 

"Greasy  flotation"  jKirticlcs  were  skimmed  from  the  sur- 
face of  the  \^■ater  of  a  table  running  on  chalcopyrite  ore.  At 
the  same  time  a  portion  of  the  water  with  its  suspended  particles 
was  taken  in  another  disli. 

The  particles  were  transferred  to  glass  slides  and  measured 
with  a  micrometer  microscope.  In  each  field  of  view  a  number 
were  actually  measured,  the  size  of  the  remainder  estimated  by 
comparison.  The  numbers  of  each  size  were  counted.  Many 
thousands  of  particles   were   thus   measured. 

Several  days  later  the  experiment  was  repeated  w  ith  anoilier 
lot  of  ore. 

The   results   are   shown   on    the   accompanxing  curves. 

The  largest  particles  arc  not  more  than  1/3  of  a  millimeter. 
These  were  flaky  triangular  pieces.  The  lower  limit  appears 
to  be  in  the  neighborhood  of  .076  mm.  Many  of  the  finer  par- 
ticles were  carried  over  with  the  water  when  collecting  the 
floating  particles  and  many  otliers  would  be  carried  b\-  adher- 
ing to  the  larger  ])arlicles. 

The  maximum  size  of  tlic  suspi-nded  particles  lies  between 
.04  and  .0,^  mm. 

Xo  metlmd  is  known  ])\-  which  a  c<  imi)aris(  )n  can  be  made 
between  the  sizes  found  and  the  theoretical  sizes. 

"Greasy  flotation"  has  been  employed  to  separate  chalco- 
l)\rite  from  its  ures.  in  tlie  MacOuistmi  prucess  the  gr(iund 
ore  is  repeatedh'  ])oure(l  on  tlie  surlace  of  a  stream  of  water. 
The  wettable  cpiartz  sinks,  the   nonwettable   floating 

The  machine  consists  of  four  tubes  fi'xi'-feet  with  helical 
ij/j"  ])itcli  grooves  inside.  Tube  rexoKcs  _^  rexolutions  per 
minute.  .\'o  chemicals  are  used.'  it  >bould  be  rememl)ered  that 
particles  too  fine  to  come  to  the  surface  are  too  fine  to  sink 
through  the  surface  tension   film. 

Xow,  let  us  consider  a  bed  of  wet  grains.  These  grains,  if 
only  looselv  packed,  ha\e  a  considerable  amount  of  water 
between  them.  They  easily  move  on  one  another.  The  heavy 
ores  can  go  to  the  bottom,  the  lighter  to  tlie  top. 

Tf    the    bed    be    left    undisturbed    the    particles    settle    closer 

I   Selwvii-Browii.     Enyiiucriiii;   M;ik  .  Sept.    uiivs.  also  Can.   Mill.  Journ.Tl.  p.  .s.V^. 
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together,  the  water  between  particles,  if  they  are  wettable, 
becomes  reduced  to  a  mere  film,  which  adhering  to  each  particle 
acts  as  a  cement. 

"Ilillgaard  regards  the  particles  as  irregular  spheroids,  each 
of  which  can  contact  at  best  at  3  points  with  other  particles, 
the  cause  of  aggregation  therefore  cannot  be  surface  tension, 
independent  of  the  liquid,  and  the  particle  being  submerged. 
there  is  no  meniscus  to  create  adhesive  tension.  Since  experi- 
ment shows  that  the  flocculative  tendency  is  measurably  in- 
creased by  the  cohesive  coefficient  of  the  liquid,  it  seems  necessary 
to  assume  that  capillary  films  of  the  latter  interpose  between 
the  solid  surfaces  and  create  adhesive  tension."' 

Why  unwettable  particles  should  form  a  solid  bed  is  not 
so  easily  seen.  The  particles  touch  each  other  at  points.  The 
spaces  between  are  filled  with  water.  The  surface  tension  drags 
at  the  films  around  the  points  of  contact,  attempting  to  assume 
a  spherical  shape  of  surface,  and  so  pressing  together  and  bind- 
ing croups  of  particles  more  firmly  than  simple  adhesion  could. 
Hence  a  bed  of  nonwettable  concentrates  is  solider  than  a  bed 
of  wettable  feed. 

The  object  of  the  \ibratorv  motion  on  Winners  is  to  take 
advantage  of  this  superior  solidity  of  the  concentrates  and  to 
loosen  up  the  feed  alone. 

A  particle  of  concentrates  coming  into  contact  with  a  layer 
of  pre\-iously  deposited  concentrates  is  gripped  and  held.  In 
this  respect  these  tables  have  an  advantage  over  jerking  tables 
where  no  solid  bed  can  form. 

The  tendency  of  nonwettable  particles  to  stick  to  nonwet- 
ta'ble  particles  under  water  has  been  advanced  as  the  reason  for 
the  peculiar  suitability  of  linoleum  for  table  tops. 

Linoleum  is  composed  of  grains  of  cork  eml)edde(l  in  a 
matrix  of  oxidised  linseed  oil.  of  wliich  one  material  is  pre- 
sumed to  be  more  wettable  than  the  other. 

The  film  of  water  is  anchored  down  l)y  the  welted  parts 
and  bridges  over  the  nonwettable  to  which  the  nonwettable 
grains  would  stick. 

i  1'  a  drop  of  water  is  allowed  to  run  over  the  surface  of  lin- 
oleum the  thin  edge  where  the  water  was  on  the  i^oint  of  dry- 
ing woulil  present  a  jagged  appearance  if  the  al)o\e  mentioned 
difference  of  adhesion  was  present,  but  onl}-  a  smooth  continu- 
ous edge  was  found.  conse(|uently  it  must  be  considered  that 
the   friction   of  the  surface   is  the  important   thing. 

( )f  all  liquids  except  mercury,  water  has  the  greatest  sur- 
face tension.  The  use  of  mercury  is  usually  out  oi  the  (pies- 
ton  because  of  its  density  and  i^rice. 

If  some  means  could  be  found  to  considerably  raise  the 
surface  tension  of  water,  concentration  by  "greasy  tlotation' 
could  be  applied  to  many  more  minerals  and  would  become  a 
most  valuable   process.     Surface   tension   can   be  altered   by    the 

I    Wliikv       .\giii-  Aii:ilysis.   \'o1.   III.   p.    l^o. 
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addition  of  different  substances,  thus  surface  tension  diminishes 
with  increase  of  temperature^,  the  addition  of  fusel  oil  reduces 
it  enormously. 

A  bubble  of  air  or  any  gas  is  nonwettable.  Many  metallic 
sulphide  particles  are  nonwettable.  If  the  air  bubble  touches 
the  particle  the  water  forms  a  meniscus  around  both,  and  the 
bubble  sticks  to  the  particle.  If  enough  bubbles  stick  the  grain 
will  float.     This   is  the  basis  of  most  flotation   processes. 

The  plan  was  devised  by  C.  V.  Potter  at  Broken  Hill,  X. 
S.  W.  Acid  acting  on  a  carbonate  produced  bubbles.  It  was 
used  on  zinc-lead  ores.  It  has  been  superceded  by  similar  but 
more  efficient  processes. 

Most  minerals  when  exposed  to  the  weather  tarnish.  The 
thin  film  of  oxide  alters  the  adhesion  and  the  particle  becomes 
wetted  and  the  bubbles  will  not  stick.  To  overcome  this  dififi- 
culty  acid,  usually  crude  sulphuric,  at  the  rate  of  10-20  lbs.  per 
ton,  is  added  to  the  pulp.  It  removes  the  tarnish.  It  may  to 
some  extent  alter  the  surface  tension.  Common  pyrite  separates 
well  with  acid  alone  of  less  than  1%  strength. 

Other  liquids  have  the  property  of  wetting  some  bodies  and 
not  others.  Among  these  is  oil.  It  has  great  adhesiveness  for 
some  metallic  sulphides,  but  for  wetted  surfaces  none  at  all. 
Water  will  wet  gangue  minerals  but  not  the  metallic  sulphides. 
If  an  ore  is  treated  with  water  first  and  then  mixed  with  oil, 
the  sulphides  become  oily,  the  other  particles  wet.  The  dif- 
ference of  surface  tensions  on  the  gangue  and  sulphides  is 
greatly  increased.  Bubbles,  being  nonwettable,  now  more  read- 
ily attach  themselves  to  the  greasy  particles. 

To  complete  the  operation  several   methods  are  employed. 

Tlie  acid-oil  process  is  as  follows:  Sands  and  slimes  con- 
taining about  18 Vr  water  are  agitated  with  10-15  lbs.  H.  SO4 
and  I  lb.  crude  mineral  oil  per  ton  of  2240  lbs.  The  mixers  are 
heated  to  120°  F.  The  mixed  pulp  is  then  sent  through  5X5X5 
ft.  \'  spitskasten  and  the  concentrates  floated  off.  A  certain 
amount  of  calcite  provides  CO.,  bubbles  whicli  attach  to  the  con- 
centrates of  zinc  and  lead  sulphides.  .\i  llrokcn  II ill  the 
recoverv  averages  68'^r  of  the  silver,  80*"/  oi  lead.  75''^  of  the 
zino.- 

Tlie  l\rup|)  process  employs  heat  to  expand  the  bubbles  and 
increase  their  carrving  power.  The  mixer  is  a  high,  narrow 
cylindrical  tank.  The  flow  of  concentrates  over  the  to])  is  regu- 
lated bv  the  inflow  <  >\  \i:ui\  and  the  outflow  of  tailings  at  the 
bottom.'  A  hot  solution  of  \' ,  sulphuric  acid  is  admitted 
through  leaden  pipes  at  the  bottom.' 

The  Elmore  oil  prc^cess  uses  an  excess  of  oil.  which  floats 
to  the  surface,  carrying  the  sulphides  with  it.  The  oil  and  acid 
are  mixed  in  a  tnuigh  with   wooden  stirrers.     It  then  passes  to 

1   Tail.   }'ri)pcrlics  of  MiiHer.  p.   247. 

J  Williams.     Eng.  vV   Min.  Joiirti.Tl.   uk>*<,  p.  Sq_V 

3  Kiig.   Mill-  Jourii»l.   No.  8b,  839-42. 
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separators  where  the  oil  and  watery  tailinos  separate.  The  oil 
is  turned  into  a  fast-revolvino-  cylinder.  The  concentrates  cake 
by  centrifugal  force  on  the  outer  wall  of  the  drum.  E.xces.^  of 
oil  and  water  flow  over  the  top. 

The  concentrates  are  removed  at  interxals.^ 

The  Elmore  vacuum  process  which  is  the  most  promising- 
of  the  acid-oil  processes,  employs  a  vacuinn  to  expand  the  air 
hubbies.  Enough  air  is  contained  in  ordinary  water  to  supjdv 
the  bubbles  under  diminished  pressure. 

Only  enough  oil  is  used  to  wet  the  sulphide  particles — 5 
to  10  lbs  per  ton.     Acid  is  added  at  the  rate  of  10  to  15  lbs  per 


ton.  The  pidj)  is  stirred  in  a  mixer  as  in  the  Elmore  oil  process. 
I^rom  the  mixer  llie  pulp  jtas^es  up  one  leg  of  a  syphon  and 
down  the  other.  'i"he  upper  end  of  the  syphon  is  enlarged  into 
a  chamber  several  feet  in  diameter.  A  rexoKJug  stirrer  assists 
the  separation  of  the  concentrates  as  the  pulp  passes  over  the 
floor  of  the  chamber.  A  \acuum  pump  remo\es  the  air  liber- 
ated and  preserves  the  continuity  of  the  .syphon.  The  concen- 
trates descend   from   the  surface  of  the  water  bv  a  third   leg  of 


1   Kug.  ;tii<l  Mill.  Jdiir.     \"<il 
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the  syphon.  Tlie  amount  of  oil  used  is  too  small  to  pay  for 
saving". 

This  method  has  a  high  efficiency,  extraction  running  from 
80  to  97  per  cent.- 

Its  low  working  costs  render  it  suitable  for  low  grade  ores, 
having  been  brought  as  low  as  60  cents  per  ton.' 

Another  process  uses  solid  greases  instead  of  oil.  Crude 
vaseline  is  applied  by  means  of  a  roller  and  a  bath  of  melted 
grease  to  a  canvas  belt  with  a  woollen  face.  The  belt  is  set  at 
a  steep  incline  45°  or  more  and  travels  upward  at  a  rapid  rate 
two  hundred  feet  or  more  a  minute.  The  steeper  the  belt  the 
greater  the  speed. 

The  sulphides  stick  to  the  grease  as  the  pulp  runs  down 
the  belt.     The  rich  outer  layer  of  grease  is  removed  by  a  scraper 


and  falls  into  ilie  bath  of  hot  grease.  The  concentrates  sink 
to  the  bottom,  the  grease  being  used  over  again.  Excess  of 
vaseline  is  remo\'Cfl  bv  a  centrifugal  separator  similar  to 
Elmore's. 

A  small  board  10  feet  l<nig,  1  ft.  wide  with  i"  sides  and 
])ro])erl3^  stiffened,  was  used  to  make  tests  of  this  ]:)rocess.  \'ase- 
line  was  liberally  smeared  over  the  board.  This  grease  table 
was  set  at  a  slope  just  sufficient  to  create  a  velocity  of  flow 
enough  to  carry  (|uartz  tailings  along.  Chalcopyrite  and  quartz 
ore  was  choke  crushed  with  a  lUake  crusher.  The  over  size 
on  a  30  mesh  screen  was  rejected.  The  remainder  was  mixed 
and  sam])led.  i  kilo  was  weighed  out  and  thoroughly  wetted 
with   water.     The  slime<  were  poured  into  a  separate  can.     The 


1  literature  of  Ore  Concentration,  itc,  l.onilon. 

2  Can.  Min.  Inst..  i<>oS,  p.  .»(ii. 
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coarse  particles  were  poured  over  the  table  and  re]:)oared  three 
times,  each  time  bein_Q^  followed  by  a  wash  of  water  to  clean 
ofif  the  last  of  the  tailinos.  The  surface  was  rubbed  between 
each  pouring  to  present  a  fresh  surface  of  vaseline. 

The  fines  were  then  treated  similarly,  being  poured  o\er  the 
table  lo  times. 

Examination  of  the  coarse  showed  it  to  contain   grain?  of 
pyrite  so  large  that  the  flow  of  water  carried  them  off  the  board. 

The  fines   still   contained   pyrite   and   so  the  operation   was 
repeated  5  times  more. 

Area  of  board  10  sq.  feet,  therefore  the  coarse  passed  over 
40  s(|.  ft.  and  the  fines  passed  over  150  sq.  ft.  of  grease. 

'IMie  tailings  were  dried  screen  sized  and  assayed. 

The  vaseline  was  scraped  from  the  board,  melted  on  a  water 
bath  and  the  clear  vaseline  poured  off. 

From  the  concentrates   the  remainder  of    the    grease    was 
removed  by  gasoline  and  the  concentrates  assayed. 

This  table  gives  the  results : 

W't.  Assay  \'al.   Total  copper. 


t  a  1 1 1  n  gs 


Feed 

1000  grms. 

4.15% 

41.5  grms 

Cone. 

103.9  grms. 
6.3  grms. 

28.26 

T04 

30.13  grms 

This  gives 

an 

efficicncv    ot 

72.6    per 

cent.     The 

assay  is  in  the 

foil 

)wing  table  : 

TAILINGS. 

Size  of 

SCREEN 

Weight 

Total 

.\ssav 

Amount 

Per  Cent. 

Valm- 

(".ram.s 

of  l<os.s 

On 

TliroBgh 

Copper 

40 

186.51 

2.18 

4.06 

36.0 

60 

40 

314.40 

1.41 

4.44 

39.3 

80 

60 

87.73 

0  54 

0.48 

4.3 

100 

80 

73.70 

0.36 

0.27 

2.4 

120 

100 

30.71 

0.41 

0.13 

1.1 

150 

120 

21.36 

0.55 

0.11 

1.0 

200 

150 

71.05 

0.69 

0.49 

4.3 

— 

200 

102.31 

1.28 

1.31 

11.6 

These  results  show  ilie  chief  losses  to  lie  in  the  largest 
and  smallest  sizes. 

A  second  experiment  was  tried  with  the  same  crushed  ore 
that  had  lain  exposed  to  the  air  c^f  the  laboratory  for  two  weeks. 
The  saving  was  extremely  small  owing  to  the  oxidation  of  the 
surfaces  of  the  copper  pyrite. 

A  fresh  portion  was  crushed  as  before,  sifted  through  an 
80  mesh  screen  to  remove  the  coarsest  grains.  The  efficiency 
was  raised  to  82.3%,  most  of  the  loss  being  in  the  fine  sizes. 

The  losses  in  the  fines  is.  partly  at  least,  due  to  '^ome  of  tihe 
grains  acting  as  wetted  particles. 
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Because  of  the  similarity  of  the  surface  tension  actions 
involved  in  this  process  and  the  Elmore  vacuum  process  it  is 
probable  the  sources  of  loss  are  the  same  in  both. 

The  flocculative  tendency  of  fine  slimes  is  taken  advanta.^e 
of  in  the  Howatson  filter',  the  Durant  filter  and  others.  The 
fi(jccules  once  formed  stand  considerable  disturbance  without 
breaking  up.    The  finest  pulp  gives  the  solidest  floccules.- 

The  plup  travels  upwards  and  diverges  over  sloping 
shelves.  The  decrease  in  velocity  due  to  increased  space  allows 
the  slimes  to  settle  on  the  shelves.  The  short  distance  they 
have  to  fall  shortens  the  time  required.  The  agglomerated 
slimes  slide  off  the  shelves  and  fall  through  the  ascending  cur- 
rents without  breaking  up. 

Other  factors  beside  the  density  of  pulp  enter  into  the  set- 
tling of  slimes.     The   densitv   and   viscosity    as    they    increase 


~-»   y/^ier 


Howafson  ri/fer 


reduce  the  settling  rate,  though  Dr.  P.arus  states  the  viscosity 
had  no  eft'ect  on  some  '(w^x  i)articles  in  his  cxiKM-iments  with 
regard  to  the  velocity  of  fall. 

Slimes  settle  notably  fast  in  distilled  or  hot  water,  results 
due  no  doubt  to  the  reduced  sp.  gravity  of  the  medium,.  Others 
consider  the  changes  too  great  to  be  laid  to  the  charge  of  sp. 
gravity'. 

Hv  others  the  retardation  is  laid  to  occluded  air  and  small 
l)ul)bles  "  but  in  most  cases  the  eff'ect  of  air  is  small'. 

Increase  of  temperature  decreases  the  flocculative  tendcncy\ 

Ordinary  temperature  changes  are  sufficient  through  con- 
vection currents  to  overbalance  the  extremely  sli>\v  falling  rate 


1  Inst.  Mill.  iV  Mtt..  \'ol.  17,  \i.  .ui. 

2  Whiliv.     Ajjric.  .\n.Tly.sis.  Vol.  I,  p.  iho. 
\  Richards  On-  Dressing,  p.  474. 

4  Nichols.     Inst.  Min.  8:  Met..  Vol.  17.  p.  205. 

5  Sulnian.      Inst.  Min.  8:  Met..  Vol.  17,  p.  y\2. 

h  Richard's  Stamp  Milling  of  Cold  Ores,  p.  I2t.. 
-   Nichols.      In>t.   Min.  iS:  Met..  Vol.  17.  p.  520. 
,s  Whilev.     Ajrric.   .\nalvsis.  Vol.  I,  p.  iSi. 
9  n)id. 
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of  the  finest  particles"  hut  experiment  proves  that  jjarticles  pro- 
tected from  temperature  changes  settle  very  slowly,  and  that 
particles  held  in  suspension  for  weeks  are  still  of  measurable  size, 
that  is  greater  than  .0001  mm.' 

Sulman  as  a  result  of  "measuring  the  angle  of  contact 
between  liquids  and  solids  found  a  rise  of  temperature  modified 
these  angles  quite  out  of  proportion  to  the  slight  change  in 
density  due  to  heat.  He  considers,  therefore,  that  heat  is  a 
factor  producing  results  inexplicable  by  change  in  density 
alone. - 

There  are  two  cxplantions  of  the  slow  settling  of  slimes 
and  both  are  ])n>bablv  true.  i.  e..  the  electrostatic  theory  and  the 
colloidal  theory. 

The  electrostatic  theorv  is  as  follows :  The  molecules  of 
water  and  the  particles  of  solid  become  electrified,  the  solids 
usually  becoming  negative  and  the  water  cliarged  with  posi- 
tive electricity. 

The  solid  ])articles  being  charged  alike.  re])el  each  other 
and  consequently  become  diffused  through  the  liquid.  This 
proba])lv  exi)lains  the  increase  of  settling  rate  due  to  removing 
the  bottom  slimes. 

If  an  electrolyte  be  added  to  the  water  its  molecules 
becouie  ionized  into  -|-ve  and  — ve  ions,  which  neutralize  the 
— ve  and  -f-ve  charges,  on  the  solids  and  water,  destroying  the 
electrostatic  repulsion  of  the  solids.  It  follows  that  an  increas- 
ing (|uantity  of  electrolyte  will  neutralize  the  charges  on  an 
increasing  number  of  particles  until  the  whole  are  neu.tralized. 
'J'his  is  the  point  of  maximum  efficiency.  Tf  the  number  of 
electrolyte  ions  is  further  increased  the  particles  become  reelec- 
trified  and  the  action  is  reversed. 

The  efficiencv  of  electrolytes  to  settle  particles  varies 
greatly  with  the  nature  of  the  suspended  substance. 

i''or  metallic  sulphides  i  part  of  common  salt  to  60  water 
is  only  as  efficient  as  i  to  200  for  calcium  chloride  and  for  iron, 
ammonia  alum,  i  pt.  in  00.000  of  water.  Thus  ir(Tn  am.  alum 
is  more  than   1,000  times  as  efficient  as  salt. 

An  excellent  descrijjtion  of  this  theory  and  experiments  in 
Connection  with  it  is  in  I\M-rin  Journal  de  Chemie  i'hysiquc 
\n\.  2  and  3.  and  Xeues  jahr   I'uch   fur  Mineralogie.   1893. 

An  idea  of  the  great  difference  in  rate  of  settling  may  be  gath- 
ered  from   this  table'.     The    ore  was   \o\;i   Scotia    gold    cpiartz. 

Electrolyte         O  added  Na.  CI.  Am.  .Alum  HCl.  H.,SO, 

I'er  cent,  added         o       '  j  i  V..  i  .10  .15 

Per  cent,  settled     22       89  99  97  100  loo  too 

Time   in  hours          '<        V.  y,  ]/.  3  i {>  ' ', 

The  ailditiou   of  electrolyte  caused   the  previously   invisible 

1  Whik'v.     Agric.  Analysis,  Vol.  I,  p.  iSi. 

2  Iiist.  Mill.  &  Mil.  Vol".  17,  p.  31.'. 
,-,  Ricliaifls  Ore  Drcssiii};.  p.  1147. 
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particles  to  at^t^lonierate  immediateh'  into  visible  grains^ 
Nichols  states  that  in  the  very  thin  pulps  the  temperature  may 
be  more  potent  than  electrol^ytes. 

In  thicker  pulps  any  cause  counteracting-  the  repulsion  due 
to  electrostatic  condition  would  be  more  and  more  potent  as 
the  particles  crowd  together. 

In  pulps  containing-  more  than  15%  of  solids  the  effect  of 
electrolytes  and  chang-e  of  temperature  becomes  rapidly  ob- 
scured-. 

Mill  tests  were  made  to  test  the  possibility  of  utilizing  the 
increased  settling-  rate  in  the  treatment  of  chalcopyrite  on  slime 
tables. 

In  the  first  experiments  the  ore  was  mixed,  divdded  into 
three  lots.  One  part  was  used  to  adjust  the  table,  the  third 
part  mixed  with  salt  at  the  rate  of  2  lbs.  to  the  ton  of  2,000  lbs. 
The  second  part  was  left  unsalted.  The  ore  was  crushed  in  a 
stamp  mill,  the  slimes  separated  by  a  classifier  and  sent  to  a 
slime  table.  Samples  of  the  feed  and  unsalted  tails 
were  taken.  The  salted  portion  was  then  worked  over  and  sam- 
I  les  taken  as  before.     A  decided  g'ain  was  found. 

In  a  second  experiment  the  ore  was  crushed  under  stamps 
through  an  80  mesh  screen  and  sent  direct  to  the  tables.  The 
pulp  thus  contained  a  large  portion  of  fine  sands. 

The  pulp  was  divided  by  a  partition  in  the  launder  into 
two  equal  portions,  one  of  which  went  to  slime  table  Xo.  i  and 
the  other  to  slime  table  Xo.  2. 

A  pail  of  strong  salt  water  was  set  on  the  launder  and 
arranged  to  deliver  a  stream  of  salty  water  into  either  half  of 
the  divided  pulp. 

The  salt  was  first  added  to  the  Xo.  2  table  feed,  and  sam- 
ples taken  from  both  tables. 

The  salt  was  then  switched  to  Xo.  i  table  feed  and  saniples 
taken.     X"o  other  changes  were  made. 

Ry  running  both  tables  possible  variations  due  to  feed, 
change  of  temp,  inequalities  of  salt  supply,  were  eliminated. 

Assay  value     Dif¥.  in  %       Eflficienc}' 
Feed                                   3.94  %  cu. 
X(i.    I    table,  tailings,  not  salted           1.59  5().^i 

X(i.   I   table,  tailings,  salted  1.53  .06         61.2 

Xo.  2  table,  tailings,  not  salted  2.17  45.0 

Xi).  2  tal)le.  tailings,  salted  2.07  .10         47.5 

On  each  table  the  salt  raised  the  efficiency.  Salt  was  used 
because  of  its  lesser  corrosivencss  than  acid,  and  also  for  the 
ease  of  obtaining-  it.  Other  electrolytes  niight  have  given  an 
even   better   result. 

1   Richards.     t)re  Dressing,  p.  1149. 
Inst.  Mining  .nnd  Met..  Vol.  17,  p.  238. 


A    CIRCLE    DIAGRAM    FOR    THE   ALTERNATING 
CURRENT  SERIES  MOTOR' 

It  is  an  established  fact  that  complete  and  accnrate  charac- 
teristics of  an  induction  motor  can  be  obtained  by  means  of  the 
"circle  diairram"  of  Hevland  and  others.     Takinsf  this  diaQram 
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Fig.  I. 

as  a  basis,  the  perforniance  and  other  properties  of  the  sini^le 
phase   series   motor   may   be   apjiroximatelv   pre-dctermined. 

Construction  ov  I^iac.kam. 

'I'o    obtain    data    necessary    to    construct    the    diagram,    two 
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tests,  a  "locked  saturation"  test  and  a  "no  load"  test  are  required. 
For  the  locked  saturation  test  the  motor  armature  is  clamped 
and  reduced  voltages  are  applied.  Reading-s  are  taken  of  volts, 
amperes,  watts  and  torque,  care  being-  exercised  that  the  fre- 
quency is  kept  constant  at  rated  value.     Plot  curves  of  watts. 
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amperes.  t()r(|ue.  and  power  factor  on  voltage  base  and  interpo- 
late from  the  values  for  results  at  recpiircd  voltage.  (See  Fig.  i.) 
I'or  the  no  load  test  the  machine  is  run  light  at  reduced 
voltages  up  to  that  pressure  causing  maximum  allowable  speed. 
Readings  are  taken  of  voltage,  amperes,  watts  and  speed. 
Observations  are  again  plotted   (Fig.  2)   on  a  voltage  base  and 
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interpolations    made  for  data  as  in  the    locked  saturation    test. 

To  construct  the  diagram,  proceed  as  in  the  case  of  the 
"induction  motor."  Assume  the  horizontal  line  OX,  (Fig.  3,)  to 
represent  the  direction  of  the  current  at  zero  power  factor,  and 
OY  the  vertical  will  be  the  direction  of  the  B.M.F. 

From  the  locked  saturation  test  (Fig.  i)  plot  to  scale  the 
current  vector  OP  in  proper  phase  relation  with  the  impressed 
voltage,  the  power  factor  being  then  represented  by  the  cosine 
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of  llic  angle  )'()/'.  Similarly  from  llic  no  load  test  (  iMg.  2)  plot 
to  scale  the  current  vector  00  in  proper  j-ihase  relation,  cosine 
the  angle  ]'00  being  tlie  power  factor,  care  lioing  taken  that 
hi'ih  current  vectors  are  taken  at  the  standard  voltage  and 
lrc(|uency.  Through  the  points  OOP  tlescribe  a  semicircle,  the 
locus  of  the  current  vectors.  Centre  O  draw  arc  of  a  circle 
HPK  also  any  line  l/^-V  perpendicular  t(^  OX. 
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The  quantities  represented  in  the  diaf^ram  can  best  be 
shown  by  a  definite  example. 

Method  of  Using  Diagram. 

OA  is  any  current  vector  at  power  factor  represented  by  cos- 
ine angle  YOA.  This  may  be  read  directly  as  ^f  by  length 
OG,  where  the  length  OH  is  lOO  %  power  factor.  Distances 
along  line  MN  represent  to  scale  the  speed  of  the  armature 
The  intersection  of  this  vertical  line  MN  and  the  locked  current 
vector  OP  is  zero  speed.  The  vector  OQ  intersects  line  MN  at 
9.  The  distance  -D.9.  represents  the  speed  of  machine  at  no  load, 
therefore  D.C.  is  speed  under  conditions  existing  AVhen  OA  is 
the  current  vector. 

The  torque  obtained  in  the  locked  saturation  test  will  be 
represented  by  the  length  0P\  OF  therefore  represents  the 
torque  under  assumed  conditions.  PP'^  is  the  energy  component 
of  the  locked  current  and  also  represents  the  input  and  in  this 
instance  the  losses  in  the  machine.  For  the  assumed  conditions 
FA  is  the  total  input  to  the  machine  FE  the  losses,  consequently 
EA  will  be  the  output,  and  finally  EA^r-FA  the  efficiency. 

Results. 
In  the  following  table,  comparisons  are  given  of  the  results 
of  an  actual  brake  test  and  the  results  obtained  from  the  method 
indicated  in  the  diagram.     The  performance  curves  from   both 
methods  are  shown  in  Fig.  I\". 

LOCKED  SATURATION  TEST. 


Power 

Volts 

Watts 

Amps. 

K  P.M. 

Torque 

Factor 

200 

7220 

95 

0 

103.8 

38% 

NO  LOAD  SPEED  TEST. 

Power 

Volts 

Watts 

Amps. 

R.P.M. 

Torque 

I  •"actor 

200 

1792 

925 

3520 

0 

97% 

BRAKE  TEST  RESULTS. 

Input 

Power 

Output 

Volts 

Watts 

.\mps. 

R.P.M. 

Torque 

I-actor 

Watts 

Effcy 

200 

7805 

47.8 

723 

50 

81.65% 

5135 

65.7 

7620 

46.0 

820 

46 

82.75 

5358 

70.3 

7010 

41.7 

880 

40 

84.1 

4999 

71.3 

6625 

390 

930 

2,C^ 

<S4.9 

4758 

71.8 

6032 

34-5 

1030 

30 

87.35 

4387 

72.8 

5400 

30.0 

I180 

24 

90 

4025 

74.5 

4940 

27.0 

1280 

20 

91.45 

3637 

73.6 

3650 

19.1 

1800 

10 

95-6 

2555 

70.0 

2942 

I. =^-3 

2220 

6 

9().2 

1891 

64.2 

CALCULATED  RESULTS  FROM  DIAGRAM 

Input 

Power 

(lutpup 

Volts 

Watts 

.\mps. 

R.P.M. 

Torque 

I-"actor 

Watts 

EfTcv 

200 

2845 

15 

1900 

8.3 

95-0?^ 

2240 

78.5 

3740 

20 

16:^2 

12.6 

93.5 

2960 

790 

4600 

-5 

I418 

17-3 

92.0 

3480 

75.5 

5400 

30 

1232 

^?,?, 

90.0 

4070 

75-4 

6120 

35 

1048 

30.4 

87.25 

4520 

7i-7 

6840 

40 

913 

370 

8:;.^ 

4800 

70.2 

7430 

45 

788 

44.8 

82.75 

5020 

67.3 

8000 

50 

684 

53-3 

80.00 

5200 

64.8 
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NdTi;  — "Applied  Science  "  desires  to  express  its  appreciation  for  this  article  to  Messrs. 
I'icrlK-ller.  Ilopkuis  and  Dundassof  the  Klcctrical  Kngineering  Staff.  — Ed. 


PURE   WATER   BY    MEANS   OF   ELECTRIC-OZONE. 

R.   H.  HopKixs,  B.A.Sc. 

The  following-  article  is  a  l)rief  description  of  a  modern 
method  of  purifying;  water  ])y  means  of  electrically  produced 
ozone. 

The  plant,  which  is  the  hrst  municiital  nzdnizing  one  in 
America  to  treat  the  entire  water  supply  of  a  community  has 
just  been  installed  at  Lindsay,  some  seventy  miles  north  east 
of  Toronto.  The  town  is  in  the  centre  of  a  rich  farming-  dis- 
trict. It  takes  its  water  supply  from  the  Scugog-  river,  a  slug- 
gish, muddy,  weedy  stream,  wdiich  in  turn  receives  its  supply, 
some  twelve  miles  up,  from  Scugog  Lake,  on  which  is  located 
the  village  of  Port  Perry,  which  runs  its  sewage  into  the  lake. 

The  town  receives  its  water  from  mains  at  a  pressure  of 
60  to  120  lbs.  this  pressure  being  maintained  by  means  of  a 
standpi])e  on  a  hill  at  the  west  of  the  town,  to  which  the  water 
is  pumped  from  the  pump  house  on  the  banks  of  the  river 
just  above  the  town.  The  filtration  S3^stem  in  use  prior  to  the 
installation  of  the  ozone  purification  plant  consisted  of  a  twelve- 
inch  pipe  leading  from  a  crib  sunk  in  the  river  to  a  rough  filter 
containing  some  18  inches  of  sand,  gravel  and  charcoal  and 
thence  to  the  pure  water  tank,  from  wdiich  the  w^ater  was  pumped 
into  the  mains.  The  inefficiency  of  this  method  was  such  that  the 
water  had  a  murky,  muddy  color,  a  disagreeable  odor  and  bad 
taste;  besides  which  the  germicidal  properties  of  this  filter  as 
shown  by  tests  were  practically  nil. 

In  april,  1908,  the  w^ater  commissioners  made  an  agreement 
with  yiv.  James  Howard  Budge  of  Philadelphia,  the  inventor  of 
the  system,  to  instal  on  trial  an  ozone  purification  plant.  The 
contract  took  efifect  September  first :  and  in  the  remarkably 
short  lime  of  eight  weeks  the  town  received  ozonized  water. 
This  time  would  have  been  considerably  shortened  but  for  the 
unlucky  fact  that  an  almost  impenetrable  blue  clay  was  encoun- 
tered in  excavating  for  the  water  and  ozone  mixer. 

This  is  not  the  first  lime  that  ozone  has  been  used  in  the 
purification  of  water  but  hitherto  the  cost  has  been  excessive 
as  shown  by  the  following  extract  from  the  report  of  Mr.  I.  M. 
de  Verona,  M.  .\m.  Soc.  L".  1*"..  chief  engineer  of  the  Department 
of  Water  !~^uppl\-  of  the  city  of  X^ew  York,  on  a  series  of  tests 
made  b\    llic  nfficials  of  that  cily  of  an  nzonizing  plant  in  1907. 

■■■'ilu'  experiments  showed  that  of  the  amount  of  K.  W. 
energy  used,  about  one  (piarter  was  consumed  by  the  refriger- 
ating machine,  one  (|uarter  by  the  transformer  and  ozonizer, 
and  one  half  by  the  compressor.  It  appeared  that  the  color 
might  be  reduced  from  about  15  to  ^.  and  bacteria  from  too 
to  7,  ])\-  the  use  of  aboiu  ,>.5(X)  grms  o\  ozone  per  i.ooo.cxx)  gals, 
with  an  expenditure  of  about  800  K.  W  .  hr.  electrical  energv. 
200  of   which    were   expended   in    the   ozonizer  and   transformer. 
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XA'ith  electrical  energ-y  costing  2V2  cents  per  K.  \\\  hr.  (a  low 
price)  it  appears  that  under  the  conditions  of  the  experiments 
the  process  was  costing  about  $20  per  1,000,000  gals.,  of  which 
perhaps  $5  represented  the  cost  of  the  ozone  and  the  other  $15 
were  chargealjle  to  dr}-ing  the  air  and  pumping  it  into  the 
water." 

This  plant  did  not  run  a  single  day  without  stopping,  but 
these  stops  with  a  single  exception  were  all  due  to  defective 
working  of  either  the  refrigerator  or  air  compressor.  The  one 
shut-down  due  to  the  ozonizer  was  caused  by  a  preventible  short 
circuit.  The  stop  was  only  momentary,  however,  an  extra  unit 
being  instantly  switched  in. 

The  cost  for  power  here,  although  stated  as  low.  is  ex- 
cessive (especially  as  this  use  for  electricity  is  an  all  day  one. 
which  can  be  stopped  for  a  few  hours  at  peak  loads  and  there- 


Plant  Under  Construction,   Lindsay,  Ont. 


fore  should  get  special  rates),  as  the  following  figures  will  sIktw  : 

2>^  c.  a  K.W.  hr.  :=  $56  H.P.  year,  10  hr.  day.  300-day  yr. 

1V2  c.  a  K.W.  hr.  =  $163.80  H.P.  year  24  hr.'day.  365-day  yr. 

Power  is  supplied  in  Orillia  at  $16  TT.P.  year.  24  hr.  day, 
365  day  year;  in  Niagara.  $12  to  $25  a  ll.T.  year:  in  T.indsny, 
$25  to  $35;  and  it  is  cx])cclc(l  tlie  rate  will  be  SiS.jo  per  II. i\ 
year  in  Toronto. 

A  reasonable  cost  for  24  hmir  a  day  power  in  Xcw  \'i>rk  for 
this  style  of  service  would  be  tc.  a  K.W.  hoin-  (it  can  be  pro- 
duced for  less  than  this  there).  1'his  would  bring  the  cost  of  the 
imperfect  system  there  tested  to  $8.00  per  million  gallons.  In 
Lindsay  it  is  yy^:.  per  million,  which  sum  with  interest  and 
depreciation  on  the  plant  is  brought  up  to  $2.75  i)er  million. 
Slow  sand  filters  cost  from  $7  to  $9  per  million  gallons  and 
mechanical  filters  cost  $10  to  $12.50  per  million  gallons.  The 
results  of  the  New  ^'ork  test,  as  stated,  were  not  the  best  obtain- 
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able,  owinj^  to  the  ozone  used  being  insufficient.  In  Europe  the 
standard  is  3785  grms.  of  ozone  per  milHon  gallons  of  water. 
Here  are  some  of  the  results  obtained  at  the  de  Fries  plant  near 
Paris,  bv  the  official  authorities  of  that  citv  : 


Grms.  of  ozone 

Bacteria 

per  cubic  meter 

before 

after 

of  water. 

ozonization. 

ozonization. 

2.216 

800 

2 

2.035 

850 

3-4 

1-352 

2682 

3 

The   I-^indsay  plant  consists  of  a  raw   water  basin   Hunger- 
ford   santl   filter,   Asperator   sterilizer,   ozonizer   and   pure    water 


Views  of  Ozonizer 


basin.  The  filtered  water  basin  <il'  the  old  plant  is  utilized,  the 
water  passing'  \v<>\u  these  through  an  8"  pipe  int<»  the  surface  of 
the  sand  in  the  llungerford  filter,  losing  about  2"  of  head  in  so 
d(ung.  'j'his  rough  mechanical  filter  is  intended  to  strain  out 
the  suspended  matter.  The  suspended  matter  is  excluded  for 
two  reasons,  first  a  (piestion  of  color,  as  suspended  particles 
always  give  water  a  muddy  color  which   can  oidy  ])e  removed 
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by  a  filter,  as  ozone  has  little  or  no  action  on  suspended  matter 
other  than  organic  matter  and  bacteria;  second  a  savino^  of 
ozone,  as  organic  matter  may  to  some  extent  be  removed  by  a 
filter,  and  therefore  the  ozone  will  only  have  to  act  on  the 
bacteria  and  the  dissolved  organic  matter  that  passes  through 
the   filter. 

The  rough  filter  consists  of  a  rectangular  tank  of  reinforced 
concrete  12  by  15  feet  deep  sunk  in  the  ground.  Tt  contains 
a  series  of  pipes  which  gradually  enlarge  as  they  join  each  other, 
finally  terminating  in  an  8"  discharge  pipe.  Sunk  in  the  upper 
sides  of  these  pipes  are  130  brass  sand  valves,  which  allow  the 
water  to  pass  in  either  direction  but  exclude  the  sand.  On  these 
valves  there  is  about  three  feet  of  sharp  hard  sand 
which     accomplishes     the     removal     of     the     grosser     particles 


Raw  water  enters  llic  pipe  a'  drawing,  by  suction,  uuobsorbed  ozone  from  /;'■ 
The  waste  gases  escape  at  liK  The  current  of  water  in  a  sucks  fresh  ozone 
into  itself  from  the  ozonizer  c  \  and  after  passing  around  the  baffle  plates 
in  b,  the  purified  water  escapes  at  b". 


of  suspended  mailer.  The  tiller  is  cleaned  b\-  means 
of  a  \alve  so  arranged  ihal  waler  from  tlie  cit}- 
mains  at  a  i)ressure  of  do  to  00  lbs.  can  be  passed  upward 
through  the  valves  and  sand.  The  wash  water  escapes  through 
two  \-alves  into  the  river.  This  process  of  washing  takes  about 
three  minutes  and  is  done  e\ery  second  or  third  day.  depending 
on    the   condition   ol"   the   ri\er. 

In    tlnwing  through    ihe    liunuerford    tiller   ihe   loss   in   head 
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at  500  g-allons  a  minute  is  4'  8".  It  was  designed  to  work  at 
1000  gallons  a  minute,  but  the  level  of  the  river  during  this  very 
dry  season  has  fallen  lower  than  ever  before  and  there  is  not  at 
present  sufficient  head  to  give  this  large  volume  of  water.  Under 
ordinary  circumstances  500  gallons  per  minute  is  the  pumping 
rate.  This  rate,  however,  is  doubled  during  fires;  an  auxilliary 
filter  of  the  same  type  may  be  installed  to  give  looo  gallons  a 
minute   at   any   level   of  the   river. 

From  the  rough  filter  the  water  passes  into  another  chamber 
in  which  its  height  is  regulated  by  a  butterfly  valve  and  float. 
Here  it  flows  into  an  air-tieht  box  of  concrete  connected  to  the 
ozonizer  by  a  2"  pipe.  The  water  now  falls  through  a  number  of 
four-inch  pipes,  leading  to  the  bottom  of  a  well  30  feet  deep, 
passing  in  so  doing  the  ends  of  a  great  number  of  small  pipes 
(see  diagram  for  theory).  The  water  by  suction  thus  draws  the 
ozonized  air  into  it :  and  here  is  one  of  the  special  features  of 
the  plant.  Other  ozonizing  plants  have  used  an  air  compressor 
to  force  the  ozonized  air  into  the  water;  and  as  the  compressor 
has  to  be  worked  without  lubricants  which  would  otherwise  be 
oxidized  by  the  ozone,  such  a  compressor  is  a  very  costly  and 
unsatisfactory  luachinc. 

The  water  and  ozonized  air  now  pass  slowly  upward 
through  a  system  of  baffle  plates  (see  diagram")  which  prevent 
the  ozonized  air  from  too  rapidly  leaving  the  water.  The  head 
required  to  operate  this  sterilizer  when  treating  1075  gallons  of 
water  a  minute  is  only  20".  If  the  cost  of  power  and  conse- 
quently of  ozone  is  high,  the  partialh^  used  ozone  after  passing 
from  the  water,  may  be  collected  and  used  over  again.  (See 
diagram.) 

The  electrical  equipment  is  housed  in  a  small  brick  "lean- 
to,"  8  by  10  feet,  built  against  the  power  house.  In  this/  building' 
are  two  2^/2  K.W.  60  c^-cle  transformers,  transforming  from  1040 
volts,  the  town  distribution  voltage,  to  8.000.  10.000  or  12,000 
volts.  dei:)ending  on  the  leads  used;  a  3^-h.p.  motor  drivir.g  a 
small  blower  to  supply  air  to  the  ozonizcrs ;  and  the  two 
ozonizers.  t  will  be  noticed  that  there  is  no  drying  apparatus 
such  as  is  used  in  European  practice.  ^Tr.  Bridge  having  found 
that  the  yield  of  ozone  is  not  increased  enough  by  this  to  make 
up  for  the  cost  of  operating  either  a  refrigerating  machin*^  or  a 
mechanical  dryer. 

'i'he  ozonizers  (sec  ])h()to),  of  which  there  are  two.  arc  (|uite 
distinct,  in  fact  each  ozonizer.  with  its  own  transfc^rmer  and 
separate  air  inlet  and  outlet,  is  a  separate  unit,  so  that  either  or 
both  mav  be  operated.  Each  ozonizer  contains  26  electrodes. 
13  negative  and  13  positive,  each  protected  by  its  iron  fuse. 
The  electrodes  are  plates  of  aluminium  20  by  34  inches,  and  are 
filled  with  holes  similar  to  those  in  a  nutmeg  grater.  Hy  an 
arrangement  of  baffles,  the  insulation  being  micanite  plates  and 
fibre,  each  little  discharge,  of  which  there  are  five  million, 
encloses  a  jet  of  air:  and  here  is  one  of  the  fine  points  of  the 
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ozonizers.  It  is  a  well  known  fact  that  an  electrical  dischar.^e 
repels  air,  and  if  it  were  not  for  the  arrangement  in  the  ozonizers 
the  air  blown  on  the  discharg-e  would  be  repelled  by  it,  and  not 
nearly  as  large  a  percentage  of  ozone  generated. 

The  plant  as  it  is  at  present  operated  is  supplying  4.000,000 
to  4,500.000  gallons  of  water  a  day.  Five  hundred  gallons  a 
minute  are  pumped  and  about  4  h.p.  of  electricity  is  regularly 
used  in  the  ozonizer.  This  may  be  increased  to  8  h.p.  as  speci- 
fied in  the  contract.  The  plant  is  costing  the  town  $7,250;  but 
this  cost  is  low  on  account  of  using  old  filters  and  excavations. 
To  duplicate  it  would  cost  in  the  neighborhood  of  $25,000. 

1'he  plant  to  date  seems  eminently  satisfactorv.  the  water 
after  filtration  is  clear,  cold,  odorless  and  in  fact  looks  and  tastes 
like  good  spring  water. 

The  following  is  the  report  of  a  preliminarv  report : 
BACTERIOLOGICAL  REPORT 
March  22.  1909. 

Report  of  water  receied  from  Wm.  Llammond,  Water  Com- 
missioner, of  Lindsay,  on  the  i8th  day  of  March,   1909. 

^\'e  have  received  the  following  report  of  analvsis  of  water 
from  this  plant.    It  speaks  for  itself: 
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Colonoid  bacilli   are  such   as  belong  to  colon   group.     Bac- 
terial counts  are  made  only  when  specimens  are  still  in  ice  and 
the  "time  limit"'  of  ten  hours  has  not  been  run  over. 
Remarks :    The  count  speaks  for  itself. 

John   .\.   .\mvot. 
Prin'.  .\nah-st. 


THE  YOUNG  CIVIL  ENGINEER. 

Close  of  Discussion  by  E.  W.  Stern. 

To  the  gentlemen  who  have  so  ably  and  freely  entered  into 
the  discussion,  1  wish  to  acknowledge  my  thanks  and  apprecia- 
tion. They  have  given  us  the  benefit  of  their  valuable  experience 
and  earnest  thought ;  not  to  mention  their  time.  They  have 
brought  to  it  an  intimate  and  sympathetic  understanding  of  the 
young  graduate  engineer's  position,  as  all  are  college  bred  men, 
and  have  risen  from  the  bottom  to  the  topmost  ranks  of  their 
profession  by  sheer  ability. 

It  is  my  good  fortune  to  know  practically  all  of  these  gentle- 
men, and  to  respect  them,  not  only  for  their  professional  ability, 
but  as  men.  Their  ethical  standards  are  of  the  very  highest. 
They  are  all  leaders  in  the  full  sense  of  the  word  and  are  highly 
appreciated  by  the  community  at  large.  What  they  have  said, 
therefore,  the  result  of  mature  thought,  and  actual  experience 
both  as  employe  and  employer,  along  the  very  lines  which  go  to 
make  their  remarks  so  very  valuable  to  this  discussion,  can  only 
be  commended  by  me  to  your  most  thorough  and  serious  con- 
sideration. 

1  have  only  one  exception  to  make.  In  ^Ir.  Thomson's  dis- 
cussion he  states  that  it  is  nearly  always  desirable  to  obtain  the 
largest  salary  possible  on  the  principle  that  the  employer  is  going 
to  give  the  best  work  to  the  highest  paid  man. 

I  do  not  agree  with  Mr.  Thomson  in  this,  nor  do  other  gen- 
tlemen w^ho  have  discussed  this  paper.  My  own  experience  both 
as  employe  and  employer  is  that  this  is  not  good  advice.  Xo 
better  way  to  become^ a  "floater"  could  be  suggested.  Often, 
when  business  is  brisk  and  there  is  a  scarcity  of  well  quahtied 
draughlsmcn  or  assistants,  a  man  may  demand  and  obtam  a 
higher  salarv  than  he  is  w^orth.  His  position  is  almost  always 
temporarv,  for  as  soon  as  it  is  possible  to  reduce  the  force,  he  is 
amono-  the  first  to  be  let  go.  Furthermore,  an  employer  (if  he  is 
a  sensible  one)  will  give  the  best  work  to  the  man  who  is  best 
qualified  to  do  it,  regardless  of  salary. 

1  have  not  intended  to  give  advice  to  old  engineers  but  oiily 
to  the  voung  graduate  for  the  first  few  years  of  his  career—in  his 
practical  p.ist^  graduate  w(.rk,  so  to  say-the  idea  being  that  the 
voun-  skipper  sailing  his  craft  in  new  waters,  might  be  benefitted 
bv  the  experience  of  the  old  mariners,  as  to  just  what  shoa  s  to 
avoid,  lie  must  soon  sail  his  own  craft,  h.nvcver.  and  steer  him- 
self. 

The  time  will  come  when  ho  will  be  able  to  master  new 
situations  and  ,.roblems  which  present  themselves,  with  tact  and 
skill  and  the  confidence  born  from  experience.  He  mil  liaxc 
found  himsell. 


IN  MEMORIAM. 


James  McDougall,  B.A.,  Assoc.  M.  Inst.  C.  E. 

James  AIcDongall  was  born  at  lialtimore.  Out.,  in  1X5,^.  He 
was  educated  at  Upper  C.'anada  College  and  University  College, 
Toronto,  and  obtained  his  B.  A.  degree  in  1880.     Having  decided 

upon  civil  engineering  as  bis 
future  profession,  he  entered 
the  School  of  Practical  Science, 
Toronto,  in  1881  and  graduated 
in  1884.  Sitbsequently  he  taught 
for  a  short  time  as  a  ])rivate 
tutor.  He  began  his  jirofes- 
sional  work  under  the  late  Mr. 
J.  T.  Stokes,  C.  E.,  engineer 
for  the  County  of  York,  and 
was  employed  on  the  \\'elland 
Canal  and  on  the  Canadian 
Pacific  Railway  under  the  late 
\\\  T.  Jennings,   C.E. 

In  1892,  on  the  death  of  Mr. 
Stokes,  he  was  appointed  en- 
gineer (if  the  County  of  ^'^lrk. 
which  position  he  Jield  until 
his  death  on  2nd  Sept..  1908. 
He  was  admitted  to  the  In- 
stitute of  Civil  Engineers.  Lon- 
don, England,  as  an  Associate 
^1  ember  in    1906. 

in  addition  to  his  diuies  as 
county  engineer  he  carried  on  a  private  i)ractice  as  a  consulting 
engineer.  He  was  the  engineer  in  charge  of  the  York  Radial 
Railway  system  and  its  various  extensions — was  employed  on 
such  (juestions  as  the  taking  over  of  electric  railways  by  muni- 
cipalities— was  an  authority  on  concrete  and  reinforced  concrete 
construction,  etc..  etc.  I  lis  work  was  of  the  liest.  llis  al)ility, 
tact,  good  judgment  ai.d  siiui)lc  honesty  gained  tor  bini  llir  res- 
])ect  and  conlidence  of  all  who  came  in  contact  with  bnn  in  a 
l)usiness  wav.  lie  coml)incd  in  a  marked  degree  theoretical 
knowledge  with  practical  sagacity,  kept  closely  in  touch  willi  the 
latest  engineering  developiucnts,  subscribing  for  both  bjiglish 
and  French  engineering  periodicals.  One  of  his  marked  personal 
characteristics\vas  his'exireme  modesty  and  dislike  for  iniblicity. 
lie  never  pushed  himself  nor  aided  his  friends  in  pushing  him. 
r.y  nature  a  student,  he  had  the  student's  fondness  for  books  and 
was  an  omniverous  reader.  1  have  been  told  by  one  of  his  lornur 
class  mates  in  University  College,  who  knew  him  intiiuately  m 
after  life  that  he  was  one  of  the  best  liberally-educated  uien  the 
I'nixersity  ever  produced. 


Jas.  McDougall,  B.A. 
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While  making-  no  pretensions  as  a  critic  in  literatnre  and  art, 
his  tastes  were  cultivated  and  his  judgment  excellent.  Among 
people  with  whom  he  felt  free  he  was  a  delightful  talker  and  a 
charming  companion.  He  combined  in  a  rare  measure  strength 
of  intellect  with  delicacy  of  perception  and  refinement  of  thought. 
A  keen  sense  of  humor  served  as  a  shield  to  his  too  sensitive 
nature  and  saved  him  from  many  a  trouble.  Kindly  and  generous 
in  disposition  he  had  many  friends  but  few  intimate  com])anions. 

His  memorv  will  long  be  cherished  by  those  who  knew  him 
best. 


^il^^h-cLM^.-rn.^^ 


Duncan  Sinclair. 

Duncan  Sinclair  was  born  on  Dec.  6th,  1S70.  He  spent  his 
boyhood  days  on  his  father's  farm  at  Cheltenham,  Ont..  and 
secured  his  earlv  educational  training  in  the  jntblic  school  of 
his  native  village.  Later,  he  attended  Georgetown  High  School, 
where  he  secured  his  senior  Matriculation.  Following  this  he 
taught  school  for  three  years.  In  the  fall  of  99  he  entered  the 
School  of  Practical  Science,  obtaining  his  degree  in  1903.  and 
having  been  president  of  the  Engineering  Society  during  his 
final  year.  He  first  secured  employment  with  the  Hamilton 
Bridge  Works,  and  subsecpiently  with  the  Canada  I'^oundry  and 
the  Grand  Trunk  Railway  at  Stratford.  In  ihe  spring  of  190.^, 
he  went  to  Xcw  Liskeard,  where  he  became  junior  partner  in 
the  firm  of  I '.lair  and  Sinclair.  In  1906  this  was  changed  to 
lUair,  .Sinclair  anrl  Smith  and  in  1908  to  Sinclair,  Sutcliffe  and 
Xeelands. 

( )f  the  class  of  T902,  none  was  more  highly  esteemed  than 
Duncan  Sinclair.  His  native  ability  and  industry  placed  him 
always  well  uj)  in  the  lists  and  his  unfailing  cheerfulness  won 
for  him  many  friends.  In  later  years  when  he  rubbed  up 
against  the  world  in  a  ci immunity  and  an  environment  where 
opportunities  to  lca\e  the  i:)ath  of  strict  rectitude  were  frequent 
and  tempting,  Sinclair  always  carried  himself  with  the  strictest 
honesty.  He  played  the  game  fair  and  his  word  was  as  good 
as  his  bond.  His  illness  dated  from  July.  i<)oS.  and  although 
the  best  medical  advice  was  obtained,  permanent  relief  was  not 
to  be  had,  and  he  passed  awav  (in  januarv  :^,  \<^o^'),  at  his  old 
home  in  Cheltenham.  He  is  survived  bv  his  widow,  formcrlv 
Miss  Marv  Stewart,  ot'  Parkhill.  Ont..  to  whom  he  had  been 
married  only  a  few  months  previously.  His  untimelv  death 
has  taken  one  whose  capacitv  for  work,  whose  business  ability, 
whose  integrit\-  and  whose  geniality  gave  promise  of  a  life  of 
great  usefulness. 


284 


APPLIED  SCIE.XCE 


Garnett  Rae  Jardine. 

Garnett  Rae  Jardine  was  born  near  Bowmanville  on  Xov.  2, 
1888.  1 1  is  early  school  days  were  spent  there,  and  in  \\'estern' 
Manitoba.     lie  entered  high   school   in   Brandon,  but  returned, 

when  17,  to  Bowman- 
ville, where  he  claimed 
honors,  and  in  his  final 
3'ear  tied  with  a  com- 
rade for  first  position. 
While  there,  he  de- 
cided to  attend  the 
School  of  Science  and 
enrolled  in  the  fall  of 
1906.  At  the  close  of 
his  freshman  year,  hon- 
ors again  fell  to  him, 
which  was  only  na- 
cural,  since  he  seemed 
ha])])iest  in  the  pursuit 
of  his  studies. 

Much  of  his  second 
year  was  spent  in 
chemical  research  and 
laboratory  work.  \\'hile 
thus  engaged  he  un- 
fortunately inhaled  a 
quantity  of  nitrogen 
peroxide  gas,  which 
later  irritated  his  lungs 
to  a  very  great  extent. 
His  studies,  however, 
did  not  suffer  lack  of 
attention  until  scarlet  fever  conlincd  him  to  his  lied.  and.  on 
-March  5,  1908 — less  than  a  week  from  his  last  attendance  at 
lectures — his  death  was  reported  among  his  fellow  students. 
Then  it  was  felt  that  one  of  the  keenest  of  intellects  and  noblest 
of  natures  had  '"crossed  into  that  undiscovered  country  from 
whose  bourne  no  traveller  returns." 

W'luMi  the  present  shall  have  crystallized  into  the  jiast  he 
will  l)e  remembered  for  his  extraordinary  ability,  good  felhnv- 
ship,  and  genial  disposition,  ^^'hen  we  think  of  his  exenijilary 
habits,  moral  character  and  de\-otion  to  high  ideals,  it  helps  us  to 
better  understand  that 

"Death's  but  a  path  that  must  l)c  trod. 
li  man  would  e\er  pass  to  (uul."' 

W.  F.  Ratz. 

The  late  W.  F.  Ratz,  D.L.S..  whose  death  through  typhoid 
fever  occurred  at  Ottawa  on  the  6th  February.  T909.  was  a  grad- 


Garnett  Rae  Jardine 
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uate  of    the  School   of     Tractical   Scienct-  of    the  chiss  of    1902. 

Mr.  Ratz  entered  the  "schoor"  at  the  early  age  of  sixteen. 
In  spite  of  his  vouthfiilness  he  acquitted  himself  most  brilliantly 
throu_si"hoiit  his  entire  course,  grraduatins;'  with  honors  and  ob- 
taining;- the  r.  Kennard  Thomson  prize  in  the  Department 
of  Civil  En,gineering. 

Immediately  after  leaving  the  University  he  received  an 
appointment  in  the  Topographical  .Survev  I'.ranch.  Department 
of  the  Interior,  (  Utawa,  where  he  remained  till  the  spring  of 
1905,  when  he  was  transferred  to  the  Boundary  Survey  staflf. 
under  the  charge  of  \\'.  F.  King,  Chief  Astronomer.  It  was 
at  this  time  Mr.  Ratz  obtained  his  Dominion  Land  Surveyor's 
certificate,  heading  the  examination  lists. 

His  work  on  the  boundary  survey  was  in  Southeastern 
Alaska.  In  the  year  1907  he  was  engaged  on  the  Stickine 
River,  and  in   1908  on  the  Endicott  River. 

His  work  was  always  carried  on  with  the  greatest  accuracy. 
The  ser\'ice  has  lost  a  splendid  surveyor,  and  the  country  a  most 
promising  citizen  in  the  death  of  Mr.  Ratz. 

Among  those  who  knew  him,  Mr.  Ratz  was  a  universal 
favorite,  and  none  regret  his  untimeh-  death,  in  his  twenty-fifth 
year,  more  sincerely  than  do  his  fellow  graduates  of  the  Cni- 
versitv  of  Toronto. 


PRESIDENT'S  VALEDICTORY. 

(Icnllemen: — 1  have  now  come  to  my  last  duty  as  Presi- 
dent ■  )!  the  Engineering  Society.  It  is  with  a  feeling  of  relief 
that  I  lay  down  the  responsibilities,  and  with  a  feeling  of  regret 
that  1  must  se\er  my  connection  with  a  work  in  which  T  ha\e 
been  intensely  interested  and  into  wdiich  1  have  thrown  all  my 
energies.  I  want  to  thank  your  for  your  co-operation  during 
this  past  year.  I  feel  that  I  can  truly  say,  in  every  enter])risc 
we  have  undertaken  as  an  executive,  we  have  felt  at  all  times 
that  vou  ha\-e  not  only  appro\-ed  of  our  course,  but  tliat  you 
were  willing  to  assist  us  in  every  way  in  making  the  business 
in  hand  a  success,  ^luch  of  whai  has  been  accomplished  this 
last  \ear  can  be  attributed  to  your  own  energies  administered 
at   tlie  critical   times. 

In  reviewing  the  \\ny]<  of  ihe  year  there  are  certain  fea- 
tures of  it   which  re(|uire  more  than  a  passing  note. 

The  Sui)ply  Department  has  i)een  reorganized  to  place  it 
on  a  -ound  business  basis  with  busines.s  jirinciples  as  the  root 
of  the  svstem.  Wv  a  new  method  of  keeping  an  account  of 
the  -ales  and  checking  stock  it  is  believed  we  have  placed  in 
tlie  liands  oi  the  auditors  a  means  of  checking  the  money 
handled  in  this  branch  of  our  work. 

Arrangements  ha\e  been  under  way  for  some  time  to  secure 
for  the  SrKietv  the  sale  of  text  books  in  our  supply  department. 
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and  1  have  good  j^roiinds  for  sayino'  that  this  will  in  all  prob- 
ability be  consummated  before  the  new  executive  takes  (i\-er 
the  work.  By  this  means  we  hope  to  add  another  source  of 
revenue  to  the  Society,  and  also  to  make  it  cniireh-  inde])en- 
dent  of  outside  assistan'ce.  It  is  thought  that,  with  these  im- 
provements, a  clerk  of  supplies  could  be  obtained  at  a  reasonable 
salary,  whose  only  duty  would  be  to  look  after  the  sale  of 
su])plies,  and  this  department  could  then  be  kept  open  at  all 
hours  of  the  day. 

The  jiresent  arrangement  has  been  more  or  less  oritized, 
but  it  seems  to  me,  the  chief  reason  to  be  urged  against  it  is 
that  it  interferes  too  much  with  the  academic  work  of  the 
assistant   of   the    paid    secietary. 

It  is  ho]x'(l  also  that  the  revenue  derixed  from  this  increased 
business  will  provide  for  a  larger  and  better  "Ap])lied  Science." 
Throughout  this  past  year  it  has  been  our  endea\or  to  keep 
"Applied  Science"  up  to  the  standard,  and  if  ])ossible  to  put  it 
upon  a  paying  "financial  basis.  This  journal  is  one  of  the  most 
important  departments  of  our  work,  for  through  this  medium 
we  are  kept  in  constant  touch  with  the  graduate  body.  I  think 
I  am  safe  in  saying  that  "Applied  Science"  is  going  to  accom- 
])lish  all  that  its  originators  had  in  view  at  its  inception. 

Printed  notes  of  lectures,  which  ha\-c  been  adA'ocated  so 
frecpienth-  in  election  ])latf(  >rms  of  recent  }ears.  are  being  ob- 
tained, slovvl\-  il  is  true,  1)ut  ne\-ertheless  surely,  and  no  d<"'ubt 
in  a  few  years,  will  be  in  use  in  all  departments. 

In  the  Mechanical  and  Electrical  section  of  the  Society 
a  new  experiment  was  tried  this  year.  I'lxcnrsions  were 
arranged  to  visit  the  ditTerenl  manufacturing  establishments  in 
and  around  Toronto  and  tlie  experiment  has  ))ro\-ed  very  suc- 
cessful due  panlv  to  the  energies  of  the  \  ice-rresidenl  of  that 
section  and  partly  to  the  assistance  gi\en  by  the  l-"acult)'. 
These  excursions  could  be  extended  to  the  oilier  sections  and 
\\(inl(l.   in   all   i)robability.  achie\e   t!ie   same  ri'snlu. 

(  )ur  sectional  meetings  ha\e  been  at  tended  by  ;i  lair 
measure  of  success.  The  \'ice-l'residents  of  the  ditlerenl  sec- 
tions ha\e  worked  hard  in  their  endeavor  to  make  these  meet- 
ings interesting  and  instructixe,  and  the\-  deserxe  credit  for  their 
untiring  efforts.  (  )ne  feature  which  has  lu'en  noticeable  by  its 
absence  has  been  discussions  on  the  iiajuTs  presinted:  but  the 
incoming  \'ice-l'residents  should  overcome  this.  l)enetiting 
by  the  exjierience  gained  by  their  iiredecessors.  It  was  thought 
that  tile  prizi'^  olTert'd  in  each  of  the  sections  at  the  beginning 
of  the  year  would  have  the  effect  of  increasing  the  number  of 
])apcrs  anil  increa>ing  the  interest  taken  in  their  presentation. 
Unfortunately  this  plan  has  not  had  the  desired  eltecl   this  year. 

A  few  alterations  have  been  made  in  the  constitution  to 
suit  prevailing  conditions.  These  changes  were  made  nece>sary 
bv  the  course  of  events  during  our  vear  of  office,  a  id  we  trust 
that  thesi'  .alterations  h;i\e  made  it  easier  for  our  -ncccssors  to 
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effectively  and  efficiently  carry  on  the  business  of  the  Society. 
One  of  these  alterations  has  to  do  with  the  elections.  This 
I  want  to  explain.  It  was  found  necessary  this  year  to  hold 
the  elections  partly  in  the  afternoon  and  partly  in  the  evening, 
because  of  the  increase  in  membership,  and  the  University  regu- 
lation requiring  all  university  buildings  to  be  closed  at  twelve 
o'clock.  For  the  future  the  plan  which  commends  itself,  is  to 
have  all  the  voting  during  the  day  and  then  to  have  a  "s:ag 
night"  at  the  gymnasium. 

The  annual  excursion,  this  year,  to  Buffalo  wa-  one  of  the 
most  successful  of  its  kind  in  tlie  history  of  the  Society.  ( )ver 
three  hundred  of  the  members  enjoyed  the  trip. 

The  annual  dinner,  held  in  Convocation  Hall  on  Jan.  28th 
of  this  year,  was  of  more  than  ordinary  importance.  It  marked 
the  beginning  of  a  closer  relationship  between  the  graduates 
and  undergraduates  and  it  also  demonstrated  to  the  graduates 
and  our  guests  the  important  place  the  Faculty  of  Applied 
Sciences  is  destined  to  fill  in  the  engineering  world.  To  t'le 
undergraduate  it  proved  that  to  be  a  graduate  meant  to  be 
interested  in  the  wellfare  of  the  Faculty  of  Applied  Science  and 
the  Engineering  Society.  It  also  had  other  important  results 
which  will  benefit  this  Societv  and  this  Faculty.  A  new  record 
for  attendance  was  established  and  the  event  has  been  char- 
acterized as  an  unqualified  success. 

An  attempt  has  been  made  this  year  'o  provide  accomn^o- 
dation  for  a  reading  room  in  the  library,  and  as  a  more  l)egin- 
ning  covers  were  provided  for  the  magazines.  Oi  course  the 
accommodation  is  quite  inadecptate  to  our  needs  but  it  was 
tiiought  advisable  to  insert  the  thin  edge  of  the  wedge  at  this 
time,  n^ien  when  the  new  buildings  are  being  planned,  rooms 
will  be  set  apart  for  this  purpose. 

Much  of  what  has  been  accomplished  during  this  last  vear 
can  be  directlv  attributed  to  the  strong  Executive  Committee 
which  vou  elected  a  year  ago.  This  committee  has  worked 
earne  s'tlv  and  conscientiously  and  has  devoted  a  great  deal  of 
its  time  for  the  welfare  and  upbuilding  of  the  Society.  T_t  has 
been  a  privilege  for  me  to  be  associated  with  the  work  of  this 
committee,  and   I   assure  yu   that   the   executive   deserves  your 

thanks.  .  ^     . 

In  conclusion,  let  me  thank  the  members  ot  this  Society 
for  the  honor  the\  conferred  upon  me  a  year  ago  in  electing  me 
to  this  position.  In  giving  an  account  of  my  stewardship  I 
hope  that  I  have  merited,  to  some  extent  the  confidence  they 
placed  in  me  at  that  time. 

1  have  much  pleasure  in  presenting  to  the  Society  their 
Tresident-elect   for   i()0«i-i<1io  ^fr.   O.  \\'.   T'.lack. 

N'ours  sincerely 

Ri^r.ERT   I.   M.XRSHAFF. 
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Editorial 


Tliis  issue  ooiiiplcUs  llic  sccdiid  xolunu-  of  .Vpplicd  Science 
and  closes  one  cf  ihe  most  successful  years  of  the  l-'acuhy  of 
Ai)plied  Science  and  of  the  l^n^ineerini;"  Society.  Several  de- 
cided advances  lia\e  taken  ])lace  in  each.  The  new  lahorat'-ries 
for  therniodynamics  and  hydraulic  will  he  ])ractically  complete 
by  fall  and  fourth  year  difficulties  will  he  to  a  i^reat  extent  solved. 
Keen  disapi)ointment  is  felt.  ho\\e\cr.  as  the  im])ression  i;fows 
that  the  IJoard  of  ( loxcrnors  are  not  i^ointi'  to  take  any  steps 
towards  a  new   h'jii^ineerinn   liuildini.;. 

We  wish  to  take  this  opportunity  n\  thanking  our  contrihn- 
tors  for  the  valuable  assistance  they  have  afforded. 

.\e\t  vear  plans  are  already  laid  to  make  .\i)plied  Science 
)it;t;er  and  better  than  ever.  The  co-oporatiou  of  ;ill  the  |L;-radu- 
.'  '    •       ..I .^-1 


1    .... 

ates  is  earnestly  recpiesled 


THE   STUDY    OF   ENGLISH    LITERATURE    IN   AN 
ENGINEERING  COURSE 

\V.    B.    RED  FERN,    '8 

i  1 ).  While  engaged  in  academic  work  as  a  student  of  applied 
science  and  engineering,  one  sometimes  considers  the  advisability 
and  practicability  of  introducing  into  our  curriculum  a  course  of 
lectures  on  the  study  of  English  literature,  and  bearing  on  this 
very  important  question,  these  few  remarks  are  directed.  Let  it  be 
understood  that  this  article  is  not  one  of  protest  or  dissatisfac- 
tion, but  rather  is  it  one  of  suggestion  on  account  of  interest  in 
the  general  welfare  of  this  faculty. 

The  curriculum  at  the  j^resent  time  gi\es  us  a  comprehensive 
and  thorough  training  in  that  ])articular  branch  of  engineering 
that  we  are  studying,  almost  entirely  from  the  mathematical  and 
scientific  standpoint.  We  study  mathematical  subjects  as  Alge- 
bra, Trigononu'tr\-.  .\iiai\iical  Geometry,  Calculus,  etc..  and  we 
study  scientific  sn])iccls  as  Statistics.  Dvnamics.  Astronomy. 
Thermo-d}namics,  I  lydraulics.  Theory  of  Construction,  etc.  Such 
a  course  of  studies  Uiids  lo  dcxelop  a  highly  accurate  type  of 
mind — a  type  of  mind  that  wishes  and  must  know  the  why  and 
wherefore  of  everything — a  type  of  mind  that  demands  facts, 
absolute  facts,  and  the  causes  and  efl'ects  of  the  same.  As  the  vast 
natural  resources  of  Canada  become  more  e\i(lent  day  by  day, 
just  s<:)  the  need  for  men  capable  of  developing  these  resources 
with  the  best  possiI)le  results  for  Canada  also  increases.  And  fur- 
ther a  country  whose  po])ulation  is  growing  by  leaps  and  bounds 
is  certain  continually  to  present  new  luathematical  and  scientific 
problems  for  the  solution  of  wdiich  all  the  powers  and  intellects 
trained  to  i)erfection  lo  deal  with  such  subjects  are  emphatically 
needed.  Consequently  in  the  efficient  and  economical  develop- 
ment of  these  resources  such  a  type  of  mind  as  above  mentioned 
is  required,  and  will  find  great  scope  for  the  exercise  of  its 
faculties. 

r>ut  need  that  lyin-  (A'  mind  be  purel}-  scientific  and  mathe- 
matical? Not  at  all-  it  may  also  combine  the  culture  and 
breadth  derived  from  studying  subjects  of  a  nature,  ni^t  mathe- 
matical and  scientific,  but  of  a  nature  entirely  dilTerent — literary 
and  etymological.  In  the  sttid\-  of  classics  and  the  modern 
languages  entirely  dilTerent  faculties  are  trained  and  developed 
than  in  the  study  of  ihe  accurate  subjects  of  mathematics  and 
science.  In  the  I'ornu  r  case  the  mind  is  not  constrained  to  keep 
within  a  certain  well  (leliiied  limit  of  thought  and  arginnent,  but 
it  may  branch  out  and  dexole  its  energies  in  channels  of  thought 
and  argtnuent  where  there  is  a  much  greater  freedom  and  lati 
tude.  There  are  no  hr.rd  and  fast  limits,  bin  there  are  excellent 
facilities  for  the  exercise  and  dex  eIoi)ment  of  the  imaginative  and 
creative  powers,  the  training  (^f  which  are  even  eventually  so 
necc'^'^ary  for  engineering  design.    .\   piece  of  translation  or  an 
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idea  may  be  expressed  in  a  dozen  different  ways,  all  equally  good 
but  vet 'following  no  well  defined  limits  of  expression.  Of  course, 
no  thought  whatever  is  entertained  of  introducing  classics  into 
a  course  of  engineering,  although  even  a  transitory  knowledge 
of  them  is  of  some  value,  yet  practically  the  same  faculties  are 
involved  and  develo])ed  in  the  study  of  English  literature  as  are 
involved  and  developed  in  the  study  of  classics  and  of  the 
modern  languages.  .  ^ 

Graduates  in  engineering  upon  entering  the  practical   w«.nc 
■of  their  profession  wish  to  guard  against  the  curse,  or  "bete  noir" 
of  professionalism  to-day — narrow-mindedness.  We  hear  that  it 
is  so  easy  to  "get  into  a  rut"  and  so  difficult  to  get  out  of  it.   The 
surest  and  best  wav  of  avoiding  narrow-mindedness  is  by  fre- 
quent indulgence  in'  desultory  reading.     If  ..ne  confines  himself 
in  his  reading  to  engineering  subjects  only,  naturally  his  mental 
vision  will  not  only  carry  him  beVond  the  horizon  of  engineermg 
problems  and   of  'engineering  accom])lishments.      Hence.  ]i  onv 
studies  while  at  college  are  as  com])rehensive  and  inclusive  as 
possible,  our  mental  xTsi on  will  be  extended  far  beyond  the  hori- 
zon of  our  profession,  so  that  we  may  see  and  understand  things 
that  otherwise  would  remain  incomprehensible  and  impercepti- 
ble to  us.    It  is  as  if  we  ascended  the  mountain  of  culture  and 
knowledge   farther,   bv   so   doing  greatly   extending  our   mental 
scope  and  vision.    Our  sympathy  for  humanity  would  be  broad- 
ened,  and    instead   of   being   students    in    engineering   only,    we 
would  become  students  of  affairs,  and  accordingly  we  would  be 
more  serviceable  to  the  community  in  which  we  live.    Therefore 
if  a  course  of  lectures  in  English  fiterature  were  introduced  into 
our   curriculum,   and   greater   intellectual   discipline  and   culture 
that  we  would  accpiire  would  develop  in  us  a  much  higher  mental 
efficiency,  a  deeper  .^^ympatliy  for  humanity  and  a  much  broader 
outlook  on  our  profession. 

I'rancis  I'.acon  has  said. — "Reading  makes  a  full  man.  -And 
it  is  ni.t  onlv  csscnlial  tlial  we  should  read,  but  it  is  even  more 
necessary  thai  we  should  understand  what  we  read,  that  we 
should  -'digest"  what  we  read.  To  be  able  to  select  the  best  litera- 
ture written  bv  the  greatest  and  best  men  and  women  who  have 
ever  lived,  and  to  he  al)lc  to  understand  it  retpiires  guidance, 
training  and  studv.  Also  i..  recognize  and  a:)])reciale  a  ij^ood 
author'^s  iiarticular  >l\le  oi"  writing  and  to  detect  and  discrimi- 
nate his  fine  shades  ol"  meaning  recpiires  guidance,  training  and 
study  just  so  surely  as  these  are  re.|uired  in  the  design  of  a 
l)ridge Or  in  the  location  of  a  railway. 

Where,  then,  are  we  to  look  f«>r  this  training  and  study,  so 
essential  and  imporlaiU?  Most  of  us  have  not  attended  a  col- 
legiate institute  long  enough  lo  actpiire  this  knowledge  and 
culture.  So  up  t(.  ihe  present  time  it  has  been  necessary  t..r  all 
who  were  desirous  of  becoming  conversant  and  familiar  with 
ICnglish  literature  and  the  l-Jiglish  language  to  do  so  entirely 
ai^al-t  from  their  academic  work.    Then  again  our  academic  work 


4  APPLIED  SCIEXXE 

re(|uires  so  much  time  of  the  averatje  student  that  ver\  Httlc 
remains  to  be  devoted  to  these  outside  studies,  unless  he  i-  an 
omnivorous  reader  and  is  determined  to  find  time  "come  wliat 
come  may."  A  stream  cannot  rise  lii^hcr  tlian  its  fountain. 
Consequently  to  remedy  this  defect,  to  meet  this  need  and  to 
place  our  graduates  on  a  higher  pedestal  in  public  opinion,  the 
study  of  English  literature  would  do  much   to  attain   this  end. 

.Also  even  from  a  purely  professional  standpoint,  great  per- 
sonal benefit  would  accrue  to  those  who  have  an  o])portuitv  of 
studying  English  literature  and  the  English  language  in  connec- 
tion with  their  college  work.  Some  one  has  said  thatjanguage 
is  a  "vehicle  of  the  engineer."  It  is  certainly  indispensable  in  his 
l>rofession.  He  must  be  familiar  with  it.  because  he  must  use  it 
every  day.  In  drawing  up  specifications,  in  writing  reports,  in 
engineering  correspondence  and  in  many  other  wavs,  he  must 
always  have  the  language  at  his'command.  These  then  are  other 
imijortant  reasons  why  this  departure  would  be  desiral)!*.-  and 
advantageous. 

In  conclusi(/n.  since  we  are  now  an  integral  i)art  of  this 
great  university,  working  in  conjunction  with  the  other  faculties 
for  its  common  good,  and  since  a  four-year  course  for  graduation 
is  about  to  supplant  the  present  three-year  course,  could  it  not 
be  amicably  arranged  to  introduce  into  oiu"  course  in  Engineer- 
ing and  .\pplied  Science-a  series  nf  lectures  mi  English  litera- 
ture for  the  good  of  our  faculty  and  for  the  good  of  the  Univer- 
sity as  a    whole?     The  time  is  <  )')])orlune.      If  not.  whv  not? 


A  CRUISE— A  RETROSPECTION. 

HVNDMAN   IRWIN,    ()!) 

I  Xote. — The  class  of  "ocj  nei'ds  Hd  fnrtlier  mark  of  dis- 
tinction. Its  cur\e  is  high  and  i)rominent  on  the  efficiencv-time 
diagram  of  the  I'aculty  of  .\pi)lie(l  .Science.  I'ut  before  falling 
down  the  stairs  for  the  last  time,  our  regard  for  the  other  \  ears 
nec^essitates  a  i)ortraiture  of  this  e"hai)ter  of  the  (  )rder  of  the 
'J'-S(piare.] 

(  >n  a  lair  autumn  morning  in  i()of)  the  renowned  class  set 
sail  npdii  tlie  sea  of  college  life  in  the  channel  of  A])nlied  Science. 
(  )nr  first  assemblage  in  an  ni)per  deck  apartment  was  for  in- 
struction regarding  the  manipulation  of  the  lead  pencil  and  the 
two-foot  rule.  During  the  inilial  week  we  raised  the  old  fiag 
"''  y^""'»\\.  blue  and  white:  and  later  chose  as  our  cai>tain. 
"(inniis"  lohnston.  (  )n  a  pennant  at  the  stern  was  our  "Che 
hee." 

r.arely  ha<l  we  put  forth  to  sea  when,  without  warning, 
the  crew  were  called  to  arms  to  decide  ocean  snin-emac\  .  This 
resulted    in    our   being    gloriouslv     victorious,     the     sacrifice     of 
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breath  and  clothing  bein^  iiDtliino-  compared  with  the  glory  of 
the  beautiful  new  war  balloon,  which  was  finally  forced  to 
enter  our  domain  through  a  windDW  of  the  engine  room. 

The  ship  was  manned  b\-  two  hundred  and  eightv-eight 
tars.  At  the  end  of  the  first  \oyage,  however,  a  few  were  in- 
duced to  remain  behind,  enticed  by  an  easy  landing  in  Real 
Estate,  a  comfortable  resting  i)lace  in  an  Arts  harbor,  or  a 
pleasant  (?)  outlook  from  a  Medical  haven.  Although  the  pros- 
pect was  not  entirely  one  of  ])leasure,  it  has  not  proved  a  tedious 
journey  by  any  means.  It  niav  l)e  that  a  few  sought  pleasure 
only  in  the  trip.  Moreover,  it  was  rumored  upon  decks  that 
one  considered  it  too  lonesome,  and  changed  to  a  canoe  that 
was  built  for  two.  Any  one  of  the  boys  in  our  navy  will  testif}^ 
however,  that  there  has  been  a  great  deal  of  fun  and  pleasure, 
apart  from  hydraulics,  as  applied  to  the  incoming  freshmen,  or 
experimental  optics,  as  studied  from  the  upper  windows,  the 
incident  ra_\'  being  cast  upon  pretty  forms  that  harmoniously 
float  b}-.  casting  reflecting  rays,  normal  to  the  focal  plane.  The 
main  cabin  has  often  been  the  scene  of  manv  amusing  inci- 
dents especially  on  the  evenl  of  llie  election  of  olTicers.  wiien 
we  were  frecpiently  honored  by  the  presence  (^f  the  Admiralty, 
smoking  cherry  pipes  with  us. 

.After  our  first  furlough,  we  again  embarked,  under  Laptain 
Campbell,  with  Dolly  Black  as  first  mate.  I'.ilh-  Carlyle  as 
purser,  and  t'y  Danks  as  our  holy  man — two  hundred  and  five 
souls  in  all.  with  arms  trembling  from  tb.e  many  hearty  hand- 
greetings  following  our  fi\e  months'  lea\-e  of  absence.  ()ur 
work  about  llie  ship  was  intercepted  here  and  there  b\-  wel- 
comed theatre  nights,  football  and  hockey  games:  while  the 
annual  dinners  and  engineering  excursions  created  a  li\el\-  inter- 
est in  the  afi'airs  of  the  college  fleet. 

Alas!  \\"e  did  not  all  sur\-i\'e  the  severe  annual  April  hur- 
ricanes, and  many  were  lost  in  the  storm.  (  )ne  hundred  and 
seventy-three  of  us  answered  the  roll-call  when  we  next  headed 
'^I'uward.  We  rejoiced  to  lia\e  C'rosl)\-  piloting  our  craft 
assisted  1)}-  llay  and  Workman,  with  Wilson.  I'oltini  and  nnfT 
working  vigorously  at  the  helm. 

(  >n  our  journey  together  we  ha\e  met  man\-  friends  and 
many  enemies.  With  the  latter  we  ha\-c  had  not  a  few  encoun- 
ters. The  barge  "F.pistaxis""  has  oftentimes  recpured  a  repri- 
mand, ami  so  too,  a  foreign  S(piadron  consisting  chiefly  of  blue 
helmets  and  large  buttons:  while  we  have  sexeral  times  found 
it  necessary  to  tin-n  hostile  towards  sister  ships  belonging  t<^ 
oiu'  own  llotilla.  if  we  ha\e  e\er  sufl^ered  defeat,  we  have  for- 
gotten it.  as  the  truest  of  subjects  slnndd  lea\ing  a  record  of 
complete  \ictories. 

During  the  trip  we  ha\e  had  many  narrow  escapes.  A 
shoal  that  was  troublesome,  although  unt  dangerous,  was 
Tlierni<i(lynaiuics  ;  the  Sc\lla  thai  threatened  the  destruction  of 
tiur  bark  was  Spherical  Trigiuiometrv  :  the  constant  shootimr  of 
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electricity  from  a  rosy  sky  kept  the  bravest  of  us  in  fear  and 
trembling-,  (and  the  hungriest  of  us  from  assailing  our  hard- 
tack.) Geometry — analytical  and  descriptive — proved  a  dan- 
gerous coast  if  approached  too  closely;  and  we  have  been  wafted 
from  our  course  many  times  by  chemistry  fumes. 

Although  three  years  is  not  a  very  long  time  in  which  to 
gain  fame  and  honor,  still  we  have  done  so.  At  the  Inter- 
collegiate meets  the  Science  battleships  have  ahvavs  had  a  solid 
reinforcement  from  our  ship.  The  Mulock  and  other  cups,  have 
in  turn  held  our  mutual  joys  and  tears.  W'e  have  furnished 
many  of  the  players  in  the  great  teams  in  football  and  hockey. 
Besides,  does  not  the  Pride  of  Cobalt  reallv  belong  to  us? 

What  we  as  a  class  have  not  learned  in  our  three  years  of 
ocean  riding,  is  hardly  worth  knowing,  ^^'e  know  now.  that 
if  little  is  put  into  study,  much  cannot  be  expected.  It  is  simply 
the  working  out  of  the  law  of  conservation  of  energy. 

As  for  our  leaders,  they  have  cheered  us  on  through  waves 
dark  and  mountain  high,  and  have  gained  for  us  the  name  of 
being  the  best  mariners  that  c\er  manned  a  shi]:).  And  yet.  each 
captain  has  made  his  mistakes.  His  senses  were  frequently 
numbed,  in  dull  weather,  by  moaning  fog  horns,  which  proved 
to  be  Harper  or  Cooch,  asking  a  question,  or  calling  for  lights, 
in  the  middle  of  a  soporiferous  discourse.  When  he  warned  us 
that  a  storm  was  brewing,  it  was  generally  Hagerman  brewing 
mischief.  At  all  events  Ginnis.  our  star  ladder  scaler  would 
climb  the  mizzen  mast,  or  go  below,  in  hopes  that  there  might 
really  be  something  bre\\ing.  Or  when  our  musician.  Kettle, 
began  to  sing.  Fate  so  likened  the  music  to  the  wind  whistling 
through  Doc.  James'  whiskers  that  the  captain  would  send 
them  both  below,  never  forgetting  that  whistling  is  an  ill  omen 
among  seamen. 

As  for  our  captain  of  the  past  year,  a  page  frc)m  the  log 
book  describes  him  thus  : 

"When  Manning  the  ship  he  was  always  Kean.  but  would 
never  (ioad  us  on  toward  uncertainties,  lie  frequently  granted 
the  crew  his  pennission  to  visit  their  Holmes,  choosing  a  sea- 
son in  which  neither  Frost  nor  Blizzard  could  mar  the  pleasure 
of  their  holidav.  Whenever  .'^ara  wandered  fri>m  sight,  the 
captain  would  touch  a  T'ell  to  summon  a  Workman.  whr»m  he 
would  send  to  Hunter.  Then  he  would  Walker  about  on  deck, 
where  he  could  \*atcher.  If  he  should  be  down  for  a  Gray 
snooze  and  get  a  cobb  Webb  in  his  eye.  he  would  gel  Crosby 
degrees,  his  anger  almost  immediately  subsiding  into  thoughts 
of  a  Greene  nook  among  the  Trees  on  a  shady  Hill  side,  with 
an  issue  of  "I'lack  and  White"  to  while  away  the  hours.  Ik- 
did  not  Carrie  a  Gunn  his  only  weapon  for  defence  being  a 
Key." 

We  have  always  been  noted  for  our  good  lichavicur.  pro- 
gressivcness.  and  curiosity — and  generous,  even  in  regard  to 
the   Sophomores,  although"  they  have   not   such   a  high   opinion 
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of  US,  a  reflection  on  their  taste.  We  have  always  done  our 
part  in  tryinj^  to  convince  the  press  that  we  are  of  the  Facultv 
of  Applied  Science,  rather  than  of  "Applied  Silence"  and  we 
are  grateful  to  the  Sophomores  for  their  aid. 

Thus  we  have  sailed,  the  golden  sunlight,  the  blue  ocean. 
the  white  wave  crests  ever  being  foremost  in  our  minds.  Too 
soon  we  leave  the  pleasant  scenes,  but  all  go  to  knock  at  the 
same  door — that  of  the  office  of  Mr.  World.  \Mien  he.  grim, 
as  Father  Neptune,  asks  us  who  and  from  what  craft  we  are. 
we  need  not  hesitate  to  reply: 

"Toronto.  Toronto,  Toronto  \'arsitee !" 

And  when  he  ju-oceeds  to  inscribe  our  names  in  the  log 
of  the  great  ship,  "The  Future."  the  shades  of  Chezy  and  Ran- 
kine,  and  Kerchhoff,  and  1^)erthelot.  will,  for  the  moment,  step 
aside,  and  silently  weep  in  the  shadow  of  Remorse,  while  our 
hearts  will  join  witli  dear  old  College-day  enthusiasm,  in  a 
mighty 

Chee  hee.  Chee  he,  Chee  ha,  ha  ha! 

School  of  Science,   Xaughtv   nine. 

Rah  !      Rah  !  !      Rali !  !  l' 


Thke  attention  of  all  otir  readers  is 
a^ain  dra-wn  to  ttie  list  of  g'radxiates, 
Mrliose  address  Ave  Have  been  unable  to 
verify,  Mrbicb  appeared  in  tbe  February 
issue.  Some  of  tbese  'we  Have  located, 
but  tbe  addresses  of  tbe  majority  are  yet 
unKnoMrn. 
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